PROCEEDINGS 


> 


a 


AMERICAN SOCIETY OF VIL ENGINEERS 


TECHNICAL PAPERS 


i Published mon monthly, ox quit. on and August, at Prince and Lemon Streets, Lancaster, Pa., by the American © 
Civil Engineers. Editorial and General Offices at 33 West Thirty-ninth Street, New York, 

- Reprints from this publication may be made on condition that the full title of Paper, _ 
Nyame of Author, page reference, and date of publication by the Society, are given. 


as Second- Class Matter, September 23, 1937, at the Post Office at Lancaster, Pa., under the Act 
of March 3 3, 1879. Acceptance for mailing at special rate of postage — for in Section 1208, , 7 
al of October 3, 1917, authorized on July 5,1918. 


ay 
‘ Subscription (if entered before January 1) $8.00 perannum. Price $1.00 per 


1942, by the AMERICAN Society oF Civ 


4 

> 

DISCUSSIONS 

— 
q 
— 
&€§ 
> 

%, 

< 


- Reduction of Mineral Content in Water with Organic Zeolites. R. F. Goudey. .Feb., 1942 — 
Discussion Feb., Apr., May, 1942 
_G.S. Tapley.Mar., 
‘ten Economic Considerations Affecting Single and Multiple Projects. 
Discussion 1942, Closed*- 
Allocation of the Tennessee Valley Authority Projects. Theodore B. Parker. "Dec., Ms 1941 
Discussion Feb., Mar., May, June, Dec., Closed* 
Effect of Variation of Elastic Characteristics on Static Unknowns. 
Hrennikoff Jan., 1912 
Discussion ...Apr., May, Oct., 1942 
Unusual Events and Their Relation to Federal Water Policies. W. G. — ; .Feb., 1942 
Discussion , Sept., 1942 Closed* 
of St. Georges Tied Arch Span. J. M. Dec., 1941 
_ Discussion Fe Apr., May, June, Sept., Oct., Nov., 1942 Closed* 
ent Almon Fales and Samuel a, 
ie Discussion Feb., May, June, Sept., ae 1942 Closed* 
Curves for Open-Channel Flow. Dwight Apr., 1942 
Discussion June, Sept., Oct., Nov., 1942 Closed* j 
Model Tests on Stru tures for Hydroelectric D evelopments M. Davis. .Apr., 1942 
_ Resistance of Soft Fill to ‘Static Wheel ‘Loads. Ww atters Pagon. Feb., 1942 Jan. . 1, 1943 
and Surface Tension Effects on V-Notch Weir Coefficients. 
1942 


June, Se ~pt., 1942 Jan. 1, 1943 
Early Contributions to Mississippi River Hydrology. C. S. Jarvis. 


— 


Discussion Sept., Nov., Dec., 1942 
‘Stress Concentrations in Plates Loaded Over Small Areas. H.M. W estergaard.. Apr., 1942 > 
__ Discussion Sept., Oct., Nov., 1942 
tigidly . Jointed Frames. 
May, 1942 
May, June, Sept., Nov., Dec., 1942 
ee: oseph Marin , 1942 
1942 
Procedure for Computing Deflections, Moments, and 
Loads. N. M. Newmark 
Sauer Angular, Li vinear, Trav erse A 


— 


Dec., 1942 Feb. 1943 
and Remedial Measures for Sanitary and Public Health Engineering 
_ Services: Second Progress Report_of the Sanitary and Public Health Engi- a a 
- neering Division of the National Committee of the Society, on Civilian Pro- ~~ 
_ tection in War Time June, 1942 | 
_ Advancement of Sanitary Engineering: Report of the Committee of the Sanitary 
_ Engineering Division on Advancement of Sanitary Engineering June, 1942 
Statistical Analysis in Hydrology. L. R. Beard 1942 


Walter and Howard T. Harstad > 


of Air in Flowing Water: A Symposium 


Permeability of Mud Mountain Dam Core Material. Allen S. Cary, Boyd ii. an 7 al 


% Cn Between Model and Prototype: A Symposium — 
1942 1, 1943 
The Hy Jump i in ‘Sloping Channels. Carl E. ‘Kindsvater.............- “Nov., 1942 Apr. 1948 
Application of Soil Mechanics in Designing Building Foundations. A. Casa- 
grande and R. E. Fadum N 1942 Apr. 
_ Flow Characteristics at Rectangular Open-Channel Junctions. Edward H. 
4 Relation of Undisturbed Sampling to Laboratory Testing. Rutledge 
Discussion 
_Advances in Sewage Treatment and Present Status of the Art: First Progress 
_ Report of the Committee of the Sanitary Engineering Division on Sewerage 
Sewer Rental Laws and Procedure: Third Progress Report of the Committee of : . 
the Sanitary Engineering Division “Nov. 1942 
Organizing and Financing Sewage Treatment Projects. Sam uel A. Greeley....Dec., 1942 
Discussion Dec., 1942 May 1 
= Pendleton Levee Failure. Kenneth . Dec., Ma 
May 


_ Discussion . .Dec., 1942 


Nore.—The desing dates herein pe published 
are registered for special extension of time. 
 * Publication of discussion pending. 


CURRENT PAPERS AND DISCUSSIONS — 
Vol 
une 
28 
4 
n 
Co 
— 
ie 
b. 1, 1943 
— 
Physical Properties o riven an ndriven Rivets of High-Strength Structural 
a _ Steels: Progress Report of the Committee of the Structural Divisionon Struce- 
P 
4 
are final except when names of prospective discussers 
— 


CONTENTS FOR D ‘DECEMBER, | 1942 


Concrete Reservoirs of the ertical Beam Ty Type. 
C. Maxwell Stanley, Jr., M. Am. Soc. C. E.. 1679 


Illinois Water Litigation, 1940-1941. . 
Langdon Pearse, M. Am. Soc. C. BE... 


Physical Properties that J Affect the Behavior of Structural Members. ; 
Wilbur M. Wilson, M. Am. Soc. C. E.. 


‘Organizing and Financing Sewage age Treatment 


By Samuel A. oe 3 M. Am. Soc. C. E 


‘Seismic Subsurface Exploration on the St. Lawrence River 


«By E. R. Shepard, Esq., and Reuben M. Haines, Assoc. M. Am. Soc. C. E.. 


Pendleton Levee Failure. 


By Kenneth E. Fields and William L. W “ells, Assoc. Members, Am. Soc. 1763 


By R Ralph B. Peck, 
and Sew age ‘Treatment Pr 


Development « of Transpor tation in the Utd States. 
By J. E. Teal, _M. Am. Soc. C. 


— 
bay 
43 
a3 
4 
43 —- 
43 
- 
i 
43 
43 
$3 
a 
13 Allocation of the Tennessee Valley Authority Projects. é 
— 


8. Tapley, Assoc. M. Am. C. E. 


os inane Aspects of the Depreciation P Problem: A Symposium. 
= 


= 


Messrs. Benjamin K. Hough, F. M. Van 


Conformity Between Model and Prototype: A Symposium. 7 


A. E. Niederhoff, . Assoc. M. ‘Am. Soc. 
- Permeability c of Mud Mountain Dam Core Material. 
By P. H. Kellogg, M. Am. Soc. C. E....... 
Statistical Analysis i in ‘Hydrology. 
H. Blythe, Jr, Beg 


Barly Contributions to Mississippi River Hydrology. 


to all the discussion ion of is current 


see page 20 


any statement made or opinion — expressed 


CONTENTS FOR DECEMBER, 1942 (Continued) 
Hydrodynamics of Model Storm Sewer Inlet Applied to Design. 
= 
— 
aes: Earth Pressure and Shearing Kesistance of Plastic Clay: A Symposium. 
4 
— 8 me 
is) 
Tl 
— 
— 
| 
f 
— 
— | 


OF ‘CIVIL ENGINEERS 


5, 185 52 


CONCRETE RESERVOIRS OF THE 
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By MAXWELL STANLEY, JR.,1 M. AM. 
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Synopsis 


Covered conerete storage reservoirs can be designed by a “‘vertical-beam” a 
method that offers advantages 0 over conventional types. ‘The: method, which | 
is presented herein, utilizes side-v walls constructed as is simple v vertical beams with 


poe 


supports arranged at top and bottom to resist the internal horizontal pressure. 


~The designation ‘ ‘vertical beam” ’ is taken from t this wall construction. 


‘With such a design, all of the concrete ir in contact with the contained water — 


pression. Simple methods are afforded for n minimizing temperature 


. and shrinkage stresses. These features reduce the formation of cracks c on the 


‘terior fe face of the structure and thus, by “preventing | seepage into the wall, | 


eee the resistance. of the structure to ) deterioration These advantages a1 are 


obtained without i increase. in construction cost over conventional types. — 


DESIGN 


—" Experience.— —The design of concrete storage reservoirs is difficult, 
7” ‘Particularly in climates having severe winters. Many cases of unfortunate: 
oe “experiences with concrete storage reservoirs have resulted from a a lack of appre- 


Giation of the fundamental design principles. 


~The designer mt must obtain a watertight, structurally safe reservoir at a@ mini- 
“mum ¢ cost. The wall must act both as a membrane preventing the flow of water 
from the reservoir and as a structural member ‘Tesisting internal pressure. 


fulfil the first t function, the walls must bei 2 impervious and free from cracks. 4 As” _ 


crack wherever appreciable tensile stresses occur. Even though these cracks” 
do not result in objectionable leaks, they permit saturation of the conerete 
which may lead to rapid damage from freezing and thawing. _ Even the use of 7 


low steel Stresses will not eliminate cracks the can select = 
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VERTICAL-BEAM RESERVOIRS 


_ he e design i in which the concrete surface presented to the water remains in com- 
- pression and i is free from uncontrolled ape he will have done much toward the 


that will minimise and control cracks: wen 
(1) Concrete in contact with water must be in compression; 


(2) W alls must st_ be poured i in sections sufficiently — to avoid aaeaaned 


a (3) The entire structure must be so >» designed that exp: unsion and contraction 
- may be controlled to avoid cracking of surfaces in contact with w water; and 
(4) Construction joints must be kept toa minimum, and l every construction 
joint must be treated as an expansion joint. 
The failure of conventional types of reservoirs to measure up up to these cr cr vn 
: led to tl the development of the ‘‘vertical- beam” design. — = 
as 


General Description—As the name implies, the side-w: wall (see Fig. ‘1) acts as 
a simple vertical beam resisting the internal water pressure, with the horizontal 
reactions taken by s suitable supports. The bottom of the beam sets in a recess - 


Loading 7 


(Max.)—> Rg— 


RR. NGEMENT MOMENT DIAGRAM SHEAR DIAGRAM 


‘1a. 1.—Typicat VERTICAL Beam SECTION 


in the footing which is designed so that the wall may rock slightly with ¢ ch: anges 


temperature and loading, and thus avoid rigidity, 
= ix The horizontal reaction at the bottom of the wall is carried into the footing, 
- which is secured against horizontal movement by any one o of several methods. | 


= the top of the wall, the weg reaction is balanced against a an an equal rea reac 


icted in one pour from the footing to me 
top, all construction joints. The e length of 
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Som, 1942 -VERTICAL-BEAM RESERVOIRS 
ections between ver! ver tical joints is kept reasonably s short to limit the size of pour 


al construc- 


and to avoid extreme shrinkage or temperature stresses. a All vertic 
tion joints are treated as ope joints and are carefully sealed against 


_ The main ssieliad reinforcement i is placed vertically n near the outer face of the 
wall. - Temperature steel (not , shown in Fig. 1) may be placed horizontally 1 near 
the outer face and vertically and horizontally near the inner face. The steel 

from the footing into the beam (if used) i is pl placed in the plane of the main rein- 
This design affords « a construction in . which cracking i is minimized by placing 

in compression all concrete in contact w with the water and by carefully providing 
for temperature and shrinkage stresses. — _ The stresses in the wall may be com- 
“puted readily by | simp e | structural alysis that need not be outlined or dis- 

cussed hi herein. 

Support of Top.—Horizontal support t of the top of the vertical beam relies 
mmetry of the structure, which permits the balancing of horizontal 


upon the symrr t hic of | 
orces on opposite aes “ the reservoir as shown in Fig. 2. — The forces F and F’ 


(a) RECTANGULAR RESERVOIR 

Fra. 2 —VertIcaL- -Beam WALLS to B ALANC PPOSIN 

Ss 


“will be equal in amount and opposite in direction whether the reservoir is 
circular, ‘square, or rectangular. | ‘The two forces. may be balanced by ‘providing 

suitable connecting member between the opposite w alls. ‘Three different 
‘methods are s shown i in Fig. 3(a). ‘The top support will move, due to the e expan > 
x or contraction of the tie member and to the strains resulting from the 


internal load. This movement is taken care of wad permitting th the vertical beam 


_torockuponitsbase 
Support of Bottom.—The bottom of the vertical beam may be supported 


either by balancing opposing forces, as described for the top of the beam, or — 
by utilizing a horizontal force resulting from the reaction of the » wall on the — 


earth or rock or from friction on the 


— 
7 
| 
| 
_(b) CIRCULAR RESERVOIR 
a 
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VERTICAL-BEAM RESERVOIRS 


' Four different arrangements for supporting the bottom of | the beam « 


-_ shown in Fig. 3(6). In each of these designs the bottom of the wall is detailed 
so that it will be free to rock about its base. If tie rods are used between n the 


footing and the wall, they are located in the plane of the main steel enrwee 


a —- near the outer wall to avoid tension at the bottom of the slab. A seal . 


Roof Slab 


Turnbuckle 


—Water Surface. 


om 


m 


“Solid 
Earth 


Weight of Water 


3. ODS ¥ SUPPORTING THE THE 


(not shown in Fig.  3(0)) must be provided to prevent leakage through the 


horizontal joints where the wall j joins the footing. All of these arrangements 
* mal avoid tension | in the surface of the wall that is exposed to the water. a 
ao Provision of Expansion and Contraction. —Expansion and contraction are” 
taken care of by limiting the dimensions of each pour and by designing the 


structure with a flexibility that will permit movement of the walls without 


— 


Horizontal jointe are eliminated and each vertical wall section 
‘is in lemnited to such length as will avoid shrinkage or contraction cracks. . In the 
original designs, sections of 30 ft to 40 ft were - used, in keeping with customary 


practice i in other concrete structures. However, vertical cracks have developed 
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in of 

Therefore, more recent designs have used shorter lengths of wall (less than 20 it) 
to eliminate such cracking. Temperature steel may be used as required in the 
faces of the wall, but should not extend through the vertical construction joints. 
Expansion joints are used between adjacent wall sections. 

ay Corners of sq; square or rectangular 1 reservoirs are constructed with expansion 
joints arranged so that movement, or rocking of the wall, will not be resisted 
by the corners. — Changes i in temperature will result in the ¢ expansion ‘and con-— 
traction of the roof slab | or supporting members holding the top of the vertical 
beam. When’this.occurs, the vertical beam will rock slightly « on its base, with- 
out changing the stress relationship within ™ mem nber, as there is no rigidity 
Differences i in tempera- 
ture ‘between the inside and euteide of the reservoir will cause differential 
_ expansion or or contraction of the i inner and outer s surfaces, and the wall will ll tend 
- to assume a a slightly. curved | section. 
either top or bottom, it may be dis distorted i in this manner without h harm, 
oF “ater proofing. — —Waterproofing i is s required ¢ on the wall at the vertical expan- 7 ea 
sion joints and at the horizontal joints between | footing and Ww wall." The walls 
require a waterproofing treatment to fill the pores and increase imperviousness. 
_ Several kinds of waterproofing may be used, but very satisfactory results have 
obtained with a cement grout containing iron filings. 
- he expansion joints a are composed of poured | or premolded material of — 
suitable thickness and require some type of noncorrosive metal steel. _ After 4 
some unsatisfactory experiences with copper seal of conventional design, an 


Poured Filler. 


—— 
‘conweR JOINT AT FOOTING 


—T pica Seats: = 


exteenslly mounted ‘seal has been The shown i in ‘Fig. 
installed after the wall is poured and is thus accessible during installation and for 
maintainance. 4 Its cost is probably a little more than a conventional seal, but | 
any extra cost is fully warranted by its simplicity and dependability (see also 

Fig. 4() for a seal at the corner joint). 
The joint between the wall and footing - also must be made tight, and this can 
bea accomplished either by a modification of Figs. 4(a) and 4(b) or by the use of — 
a more > conventional copper seal (Fig. 4(c)). If the head of water within = . 


‘Teservoir is small, the copper se: seal may be omitted and the joint can be s sealed : 


Backfilling.—1 —Although the vertical beam design is intended primarily for 
located above ground, the side-walls may be backfilled w Ww rithout, 
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any ‘modific ation: of the design. Under such conditions, the simple beam acts 
as a cantilever with the main reinforcement carrying the tension and with the 
= inner face of the wall ren remaining ‘in compression. Dowels: must then be used 
near the outside face to tie the wall to the footing; : and, at the top of the wall, a 
: type , of support must be ‘used i in which the wall is free to move inward. A ‘con- 
siderable depth of backfill m may be placed without requiring any increase in w wall ” 


‘ 


EXPERIENCE WITH VERTICAL-BEAM 


- Actual construction and use are the final test of any design. A critical 
examination of experiences w ith t the vertient- beam design reveals its advantages 
as Ww well as the 2 problems that have arisen. - Both difficulties and advantages call 
TAB 1.—Ds ATA ON V ERTICAL-BEAM 4 details of design and construc- 
__RESERvorrs tic tion. Data on three such reser- 


voirs that have been constructed 


AVERAGE DIMENSIONS (FEET) and used are shown in Table 1. 


No Year | Capacity 


Typical details of wall con- 
(gallons) Ww: ater Wall | Spac- 


| Plan Gepth | height | ing struction and wall ‘support for 


4 
1939 120,000} 41 by 41 | 9 | 10 in Fic Ben ri ne ring 
4 3 | 1941 | 100,000| 34by 34 | 9.5 | 10.5 Ww Fig. 5. pe ences duri 1 


« Corresponding to project numbers in Fig. 5. » Spacing voirs, and observations after they 
Joint had been placed i in service, have 
disclosed defects that have been 
remedied in subsequent designs. 
Thea arr rangement of tie rods and str uts in the first project (Fig. 5(a)) w as 
very e effective in pr eventing the movement of footings, but it was costly and was 
slow to construct. Even | before the job was completed, the simpler arrange- 
: ~ ments for bottom support shown i in Figs. 5(b) and 5(c) were developed for use in 
‘subsequent: designs. These arrangements permit the tightening of tie rods 
after all | other construction is complete. 
4 The method of top. op wall support in the first p project (slab rigidly ‘connected 
to wall) hindered the free action of the wall. Cracks developed immediately 
over each vertical wall joint and extended back into the roof ‘slab. Also, 
4 diagonal eracks. developed ac across each of the roof slabs some 8 ft or 10 ft back 
- from t the intersection of the outside wall. _ This crack was matched by vertical | 
- eracks in each of the walls a like distance from the corner. All these cracks | 
seemed to be the direct result of restricting the free action of the wall and roof 
> by a a rigid d interconnection. This led to the development of other methods of 


7 top ) support (see Fig. 3(a)) that per permitted free action of roof. and wall, and these 
methods were adopted in subsequent designs. 


‘Trouble with the expansion joints used on the first project developed when 
the reservoir was filled. Efforts to repair them» were generally. ‘unsatisfactory 
until a seal similar to ‘that of 4(a) was s used. ‘This uis type of seal has been 
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RESERVOIRS: 
ssive 


of vertical racks between construction joints. On the first structure e (Fig. 
5(a)), these cracks were not apparent when the structure was placed in service 7 
but have developed gradually over the years. On the second reservoir (with 
lighter walls), the cracks were observed before construction was completed (see 
5(b)).. Their | location and development indicate that they are the ‘result 


contraction and and that the 30- ft to. ft in 


‘The last design (Fig. 5(c)) used a 
smaller between ‘aa ‘no vertical cracks have been ob- 
served. 

_ The aforementioned troubles, although annoying, have not been serious and 
are piso ate no more than may be expected with any new design. The reser- 


cted have demonstrated the soundness of the theory 


and rocked with the e expansion of he reel. The corner 
- intermediate vertical joints have reacted as s expected. |. The reservoirs are giving 
- satisfactory s service and the troubles encountered have only served to i improve 
~ subsequent design. The same principle of vertical-beam construction has been 


applied to several other structures. 


Convenmiowat Destens 


_ The more. common designs that have been applied to storage Teservoirs 


a) Circular walls acting as shells to resist internal bursting pressure. 

Conventional type with tension steel in concrete. 

= (bd) A Pre- -stressed reinforcement type developed by William m 8. . Hewett, ett, 
with tension steel outside the concrete. 


7 (2) R Retaining — utilizing the e weight of the impounded | water to resist 


— 


A 


Cantilever. 
(b) Buttress or counterfort. 


A description 0 of each of these types and a a statement of of their « obvious advan- 


tages and disadvantages follow. 


Circular Walls.— —Both the conventional and pre-stressed type of — 


lh are based on the same { fundamental theory. — The walls are designed as 
és 
shells to resist the bursting p pressure of the water within the reservoir. 7 The | 


- tension at any point on the wall varies with the diameter of the reservoir and 
the depth of the water. As concrete cannot resist tensile stress of substantial 
magnitude, circular hoops of steel must be used. The area of steel required wil! 
vary directly with the depth. Ir In the conventional | design, the steel i is embedded 
within the concrete wall, whereas in the p pre- -stressed design the steel i is placed 


around the wall and is pre-stressed. 
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|- 


7 he placing of the steel within the wall i in the conventional I design creates a 


serious problem, ¢ as 8 the forces on the wall tend to increase its circum-_ 


“done | to prevent this oaing although the size of cracks may be controlled. 
s Attempts often are made to avoid cracking by. limiting the stress in the steel to 
a about 9,000 or 10, 000 Ib per sq in., but even under these conditions some crack- 

is likely to occur. Furthermore, other cracks result from horizontal and 
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The Ye tet of the conventional circular reservoir are superbly over- 

come in the pre-stressed type, which has been quite widely used in recent years 

since this design separates the membrane from the structural member. This is 

‘accomplished by placing the hoop steel outside an inner membrane composed of - 
“narrow, vertical, concrete § slabs without horizontal joints. _ The slabs are pulled 

together by tightening turnbuckles in the circular hoops, thus p pre- e-stressing both — a 
‘slabs and hoops ere a = that, even with the reservoir filled, the slabs are ? 


inner concrete membrane placed in compression and free from cracking. — Its 
only | disadvantages are its mandatory circular shape, and the relatively high 
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age and temperature stresses peo achieves the goal of ‘all reservoir design—an : 


Retaining Wall” Types. —Wall designs: the retaining type depend 
primarily on the weight of the y water within the reservoir t to offset the over- 
turning moments exerted by the water ‘pressure on on the side-wall. _ Either the — 
cantilever « or buttress type may be used. With the cantilever type, the entire — 
inner face of the vertical wall is placed i in tension, together with the top surface a 
of the footing within the reservoir. ~ With either buttresses or counterforts, i 


vertical wall and the base slab are designed as horizontal beams and are usually 
~ constructed continuously past two or more supports, thus placing a part of the — 

_ inner face of the vertical wall and the top face of the footing i in tension. — 
pe of 


1. Thus, when the principles ofa ‘retaining wall are used with either typ 


design, a part, or all, of ‘the « concrete in contact with the water will be in tension. 


- Such design also : requires a rigid structure that does not lend itself readily to 
the elimination of horizontal construction joints, or to the minimizing of crack- 


ing due to temperature or shrinkage stresses. _ 


The beam ar of has been developed 


and tested so that its advantages and disadvantages can be established reason- 
ably well. Reservoirs may be designed successfully, using the vertical-beam 

‘method, provided that the details which have given trouble are avoided. The 
following conclusions may be drawn: 


‘The basic theory of the ‘ “vertical- beam” reservoir is sound. The 


“pression and by providing suf sufficient flexibility in in the structure to reduce the 
tendency toward cracking from temperature ‘movements and stresses. None of 
the conventional onal designs (except t the pre- ratremsed concrete ty pe) sccomplish this. 
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® ERTICAL-BEAM ‘RESERVOIRS 


at 2) The vertical- ‘beam ty pe of reservoir offers extreme simplicity of both 
: design ial construction. ‘Structural ; analys sis is direct and not complicated. 


Construction is concerned only w ith plain sections and surfaces. — _ 

_@ _ 8) The construction costs of vertical- -beam reservoirs compare favorably 
= the conventional | types. =. The flexibility of the vertical- -beam type of 
: sonstruction and the absence of rigid connections per mit. ‘the efficient use of 
~ concrete and steel and allow the selection of relatively thin sections. T hese 
- facts, together with the simplicity of construction, permit economy ~ 

4) The design is most : aptly suited to rec tangular, | or square, reserv roirs, 
Although it it may be applied to circular reservoirs, the latter must be of large 

7 diameter and the vertical sections must be made s sufficiently. short so that hori- 
eating stresses will not be dev veloped i in the curved ‘sections. 
(5) The design has been limited to depths such | that the vertical walls can 
' 4 be poured in one lift. dt may b be possible to use horizontal construction joints: 
- with suitable 2 seals, but it seems that a better design will be anes if this is 
a4 (6) This t ty pe of construction i is limited as to the amount of backfill that may 
be used on the outside. Under backfill conditions, the vertical wall acts as a 
7 4 cantilever, and its strength as such is limited. 
oe (7) This. type pe of design i is also p probably limited to those cases where good 
foundations a are available. ifa reservoir must. be constructed soft foun-— 
a dations, a continuous base slab | pr probably will be dictated. 
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ILLINOIS WATER LITIGATION, 1940- 

BY LANGDON PEARSE,’ AM. Soc. 


The inguiry was directed to ascertain the effect of odors. from pool it in 
heart of Joliet, Ill, on h health, the ‘remedial n measures available, and the 
condition of the sewage treatment works of The Sanitary District of Chicago. 

The Special Master held that no menace to health was proved and that: no 

measures were as effective or as as the proposed 


Su upreme re Court denied the — ee 


GENERAL 


Considerable interest was aroused by tition of the State e of Iiinois, 
4 dated January 11, 1940, for a temporary - relaxation of the diversion order 
a restricting th the flow of water from Lake Michigan to relieve the condition existing 
in the v upper Illinois W aterway, particularly at Joliet (see Fig. 1). ~The litiga- 
3 tion was somewhat unique in that it involved the question: “When is is pollution 
a menace to health” rather than the well-defined problem of the abatement of | 
nuisance. Curiously the attorneys on both sides admitted that no cases 
could be cited as legal precedent. 
q = Prior to July 1, 1930, the War Department Permit of March 3, 1925, limited 
7 ‘the diversion to an annual average of 8,500 cu ft per sec, with an instantaneous 7 
maximum 0 of 11 000 cu ft ‘per sec. — This permit expired on December 31, 1929. 
Anew permit was then issued authorizing. an annual average diversion of 7 250 om 
- cu ft per ‘sec, or such lesser annual average diversion as would restrict the 
an annual flow measured at Lockport, Ill., to 8,500 cu ft per sec, until — 
July 1, 1930. actual diversion in was 7, cu ft per sec, and in 


6,658 cu ft per sec. 


‘Nem, —Written comments are invited for immediate publication; to insure publication the last dis- 
cussion should be submitted by May 11,1943. 


Engr., The San. Dist. of Chicago, Chicago, Il. 
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-_ States issued April 21, 1930, which provided that the annual average | iene 


at. Chicago, Til. , from Lake Michigan should be reduced in three e steps: _ 


Date ft per sec) 


July 1, 1930 6,500 
December 31, 1935 5, 000. 
December 31, 1938 1,500 


These a allowances are in addition to the domestic - pumpage of Chicago, which © 
- amounts to approximately 1,700 cu ft per sec. A controlling works was also 
~ to be built at the mouth of the Chicago River on or before December 31, 1935. 7 
~The diversions were made on schedule and the controlling works were built. 
_ The 1930 decree simply limits the flow of water. — It does not specify the > 
typ pe of sewage treatment works to be built or when they shall be completed, 
although this was discussed by the § the Special Master, the Hon. Charles E. Hughes, : 


in his report | on Re-Reference. 


The Court did not foresee the depression which retarded tax collections in 


-1931-2-3 and thereby stopped The Sanitary District of Chicago from selling 
bonds because of the technical default of its then outstanding issues. Conse- 
* quently the timing of the e completion of the s sewage treatment works s gradually ; 

fell out of step with the reduced diversion after 1935, with resulting difficulty _ 

in 1939, after the final reduction was made. The Sanitary District took the _" 

‘position that it should follow the decree to the letter. _ After the first two steps, * 

“the sewage treatment works still provided enough cushion to show some im- 
a provement i in the condition of the upper Illinois Waterw ay until 1938, when 
 — third step reduced th the fl flow so greatly that conditions w were re created tl that were 

Ww /orse than at any time in the preceding 30 years. 

‘The late Chief Justice William: Howard Taft had instructed the Special. 

Master to determine the diversion required for the Port of Chicago. = This was _ 


interpreted to include the Main Channel at Lockport. _ ‘Thus, by the Taft 


and the 1930 ‘decree, because, when Mr. Taft was Chief 
J ustice, the Des Plaines River from Lockport t to its Junction v with the Kankakee 
‘Rive er, and thence the Illinois River to Utica, IIL, were not navigable we waters of 
: the United States. ‘By the River and Harbor ‘Act of July 3, 1930, the entire - 
waterway from the Chicago River to Utica became a navigable waterway of 
the United States, r more than two months after the decree. — _ 

— The. “Illinois Waterway” is the term now applied to the waterway from 
‘Lake Michigan to the Mississippi River. In July, 1930, the United States took * 
over the upper waterw way from Utica to Lockport, then under construction by 
the State of Illinois, and completed the work (7) 2 In the sp spring of 1933, the 
waterway was opened for through navigation. In this plan of slack-water 


it instructions, conditions below Lockport were ignored in ‘preparing the hep 


‘navigation a number of pools were created by the dams at Brandon Road, 
Dresden Island, Marseilles, Ottawa, Peoria, and La Grange, all in Illinois. 
‘This paper is concerned principally with the happenings in the upper pool, 


3 Numerals i in parentheses, thas: (7), re refer to corresponding i tome ‘in the Bibliography, in in the ie Appendix. 
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known | as the Brandon Pool (Fig. 1), which extended from Lockport to the on 

Brandon dam, a of about 4. 84 miles, through heart of Joliet, 

Mo 

% ‘eee dam i in 1933, the flow passed Gaegh Joliet down river with considerable - 
7 rapidity, and consequently with a high rate of re-aeration. % To the end of 1938, 7 

however, little was heard of conditions in pool, although sludge was ace 
ith the reduced diversion, in “1939, conditions changed rapidly for the 

orse. = 5- biochemical oxygen 0. D.) Lockport 

10r¢ ar’ an 
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summer 


of +1939, the outery from Joliet, became 80 great tha 


t on 


decree A permit ¢ a temporary increase of the diversion to 5,000 cu ft per sec 


n n addition to domestic pumpage, 


‘until December 31, 


After a hearing 


| 

— 

= 

| 7,¢ 19.4 | 3,200 22 
Apr. | 7, 16.3 | 2,718 
a May | 6,311 17.6 | 2,623 25.3 
June | 6,701 } 18.8 | 4,227 
| 6,814 18.5 | 2,880 187 
Aug. | 6,740 14.6 | 2,902 
“Sept. | 7,247 13.4 | | 
Oct. 5,512 18.6 | 3,022 | 
— 18.5 | 2,82 13.60 
— 21.8 | 3,46 aT 
= 
OMPARISON OF UONDITIONS IN AuGcusT; MaIn CHANNEL AND 

— 

| | 

= 
‘ 

I 

— 


it 1942 ILLINOIS LITIGATION 
on this application, the Court, on April 30, 1940, ordered that the petition of | 


the State of Illinois and the return of the Complainant States be referred to 


Monte M. Lemann as a Special Master _ 
_ «* * * with directions and authority to make summary inquiry and to 


=u to this Court with all convenient speed with respect to the actual 
condition of the Illinois Waterway by reason of the introduction of un- 
treated sewage, and whether, and to what extent, if any, that condition 
constitutes an actual menace to the health of the inhabitants of the Com- 
-plaining Communities, and also with respect to the feasibility of remedial 


or ameliorating measures available to the State of Illinois without an_ 


increase in the diversion of water from Lake Michigan.” 


(In this paper ‘the petitioner, the State. of Illinois, is referred to as “Illinois”; 


= 


and Wisconsin, are referred to as “Opposing States’; and and the Master, 
Mr. Lemann, is referred to as the “Master.” 
ee The hearings were held in Chicago over . puted of months. 
argued in New Orleans, La., in February, 1941, before the Master, who r ren- 
dered a report to the adh on March 31, 1941. cialis 1941, the Court 
denied the petition. 
The original petition 
diversion to 5,000 cu ft per pore December 31, 1942. _ After the completion 
‘of the hearings the ‘petition was modified. In its revised ‘petition, n, Illinois 
requested a temporary increased diversion during the warmer ‘months of 1941 a 


and 1942 sufficient to maintain a minimum ve 1 ppm m of dissolved oxygen in = 3 


a 


October. . 
Annual average increase. . 


The annual average | increase in diversion thus omen was 2 ,000 cu ft per sec 
in 1941 and 1 ,250 cu ft y per sec in 1942. — The earlier records in the case and the 

findings: of Special Master Hughes indicate that the lowering effect of och 
temporary. diversions would not be more than 3 in. in 1941 and zi in. in 1942 in 


Lake Michigan, Lake Huron, and Lake Erie. ai 


ORY Ww. Mohlman and the | writer testified that in the absence of sludge de- de- 
‘posits at least 1 ppm 1 of dissolved o oxy ygen is s necessary to ) prevent nt nuisance. — 
q _ Referring to New York vs. New Jersey, 256 U. S. 296, 311, decided in 1921, the 
Master expressed his belief that the weight of i is that the of 
- dissolved oxygen is sufficient. - In that case, however, the Court held that 


| 

4 
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25% % to 50% of saturation is the dissolved oxygen necessary to prevent offensive 

odors from decomposition of organic m matter deposited in in the body of water under 
 atnadion. _ As Lake Michigan co contains about 8 | ppm dissolved oxygen in 
the summer months , this yardstick would require 2 2 to 4 ppm of dissolved 

oxygen in the warmer months in Brandon Pook — © ae 

The evidence shows that the most important factor responsible for the foul 
conditions of the Main Channel and Brandon Pool is is undoubtedly the deposits 
of putrefactiv e e sludge that formed since the diversion was reduced on January 1, 

1939. In Brandon Pool, this is deposit has accumulated since 1933, from cme 


a in the effluents of the various works of the Sanitary District, from raw 


solids, the discharge of sludge at Stickney (the site of the West and Southwest 
works of the Sanitary District), and from the storm-water solids. = 
The accretions of prior years and the preceding winter, which lay dormant 
through | cold weather, exerted a potent effect with the onset of warmer weather 
and a water of 62° F or higher. 
_ The engineering witnesses on both n sides of 1 the case agreed that such sludge 
deposits are potent in their avid demand for | oxygen, 1, and are the most important 
factor in the production of the foul condition in the Main Channel and Brandon 
Pool. All agreed that the discharge of settling suspended matter, whether in 
ane partly treated or as sludge, should be stopped as eae as possible. This 
_is what the Sanitary District program contemplates doing. _ Thus the e Opposing 
2s) - States a and Illinois w vere agreed that the solids must be ios out of the channels 7 
of the Sanitary District and that the sewage must be treated to as high a degree 


as practicable, as quickly as possible. 
im ‘The conditions in the Main Channel and Brandon Pool during 1939 and 1940 


continued through 1941 and 1942 and will will continue thereafter although on * 
gradually diminishing scale, until the sewage treatment works of the Sanitary 
‘The sludge deposits require re a Jong: time to lose their putrefactive dren 
or potency. Mr. Mohlman testified that a test of the oxygen demand of sewage — 
_ sludge overlaid d by. Illinois River water showed consumption of oxygen for more 
1,100 days. For the first 400 days, this was co confirmed by” W. -Rudolfs, 
Am. Soe. C. TI The results, show that during the first summer, fora 
: period of 120 days, the loss of. oxygen demand may range from 50% to 55%. a | 
q During the winter the sludge lies dormant. — The following s spring possibly 20% | 
to 25% more of the B. a. D. is destroyed. Reference was made to nee of 


‘Sel of the keen Beard of Review (3) which found that the a 

_ deposits i in the Upper Il Illinois River practically doubled the effect: of pollution 
during thesummer, 
Pe a, The condition of the waterway, from Damen Avenue in Chicago to Brandon 
Road Dam b below Joliet, was bad i in 1939 and somewhat better in 1940, because 
of the increased treatment due to the starting of the Southwest works in the 
summer of 1939. 1 By antes 1940, all the ‘Sewage ii in the District was 
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December, 1942 LITIGATION 
From testimony ny of laymen and experts, there is no question but that hydro- 
gen s sulfide was set fr ree. There was controversy over tl the concentration in the 
= atmosphere, the possible zone of effect, ‘and the presence of other ingredients 


“gach as mercaptan, indol, skatole, and cadaverin, One expert: witness, C. W. 
-Muehlberger, indicated that persons become accustomed to “hydrogen 
but not to fecal odors. 


The proceedings before the Master were clearly divided into three pree parts, 


considering—_ 

1, Complaints and the health conditions along the Waterway; 
_ a 2. Status of sewage treatment by the e Sanitary District and the outlook for 4 


the summers « of 1941 and 1942: and 
— 


3. Available remedial or ameliorating measures. 


Illinois contended that the present condition of the Illinois in the 


y Joliet- Lockport ai area constitutes not only an actual menace to health but also ; 
7 a definite injury to health. Fos hether or “not the Waterway caused the 


“Menace the meanin Const shows a two-fold fold 
E 


‘Thea actual detriment to health caused by the: inhalation ofg odors a 


emanating from the Waterway; and 
3 The potential hazard, danger, or menace to health occasioned by the 


present highly polluted and foul condition of the Waterway. 


Opposing States contended 


_  «* * * that the phrase ‘actual menace to health’ ‘as used in the order 


of the United States Supreme Court means that the effects on the health 
of the people residing near the Waterway must be real and exist in fact, 7 
as opposed to any potential, speculative, hypothetical views on what ‘might 


happen, unsupported by any real cases or actual happenings.” wee 
Thus the Opposing States maintained that the evidence falls far an oo es- 
tablishing a menace to health and at most shows only annoyance, discomfort, 
and inconvenience suffered bys some people 
Complaints of Lay Witnesses at Joliet. —The complaints as to the Waterway 
emanated d entirely from residents of Joliet. and Lockport, and chiefly from those 


in Joliet residing alongside the pool and near it. The population of Joliet was 


Teported to be 42,365 in 1940. The Health Commissioner of Joliet estimated 
50 ,000 ) people were affected, living i in and aiouees Joliet. _ Through J Joliet, the 


Waterway i is crossed by eight bridges. pert 
No water the is drinking purpos no 
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pool, and the effects ascribed to them. _ 


in the Joliet area . was less than in 1939. 


ILLINOIS LITIGATION 
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A total of 127 127 wi itnesses testified at Joliet, ‘made e up as follows: 


re of Joliet 


‘Physicians residing i in Joliet. 

Nurses and employees of St. Joseph’ s Hospit al. 


It was oe that if 200 additional witnesses were ¢ called, their testimony. 
Ww 
3 


ould be substantially the same.  : hree fourths of the witnesses resided within 
four blocks of the e canal, and more than half within two blocks. _ ge 
‘el The complaints generally v were that the pool in the hot summer months of 
1939 gave off extremely offensive odors, which in many cases caused nausea, 
lack of appetite, or inability to sleep. The character of the odors was described - 
variously as the odor of sewers or outhouses or of rotten é eggs. Some called ita 


 “stink,’ ’ others a “terrible” or “unbearable” odor. 
All the witnesses 2 agreed that the pool had always” given off objectionable 
odors, but i in 1939 the odors were much more offensive than theretofore. The 
Ww eight of the evidence was that in 1940 the conditions were somewhat better. 
The nurses at the hospital (one and one-half to two blocks from the pool) 
complained of the odors. | Many of the patients suffered nervousness, nausea, 7 
vomiting, sleeplessness, and headache. — 7 Some of the patients were anxious to 
home early. How ever, the average p period of stay during 1939 was about 
one day less than the > average for general hospitals in in the United States. 
ae The superintendent of grade schools at Lockport (eight blocks from the 
Wa aterway) and the principal of an . elementary s school at Joliet (600 ft from the — 
Waterway) testified as to the type of odor and its nauseating — on the 
children in 1939, and to a lesser extent in 1940. renee el 
The percentage of sick leaves of the employees i in the U. 8. Engineer office 
from Lockport to Starved Rock was somewhat higher in 1939 than in 1938. 


Howe ever, it was but little less than in the Chicago area. I In 1940, the percent- wie 


Health Commissioner of Joliet hundreds of complaints in June, 


July, and August, 1939. He stated that there was danger of an epidemic from 
flies and mosquitoes alighting on the scum; that the stench was nerve wracking; 
= that the odorous gases irritated the mucous membrane of the nose, throat, 
and sinus. © However er, the health conditions in Joliet were good. The only dif- 
ference i in 1939 was the odor. 
The other fourteen Joliet physicians considered the pool a menace to health 
for similar reasons. — One \ was a government surgeon w ho noted skin diseases 
attributable to the foul Ww water. Another noted | an increase in along” 
the Waterway from year to year. meet 


_ The Master concluded that no cases of specific illness clearly anal to 


the pool w ere cited by the physicians. 


4 
q 


so 000 inhabitants in "1939 was less in Will County (i which Joliet lies) jn 
_ the average for for the State except for poliomyelitis, malaria, and influenza. Bi 
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‘the for the ute. rate in W il in 1939 was 0. 
— per 100,000 as compared with an average of 1.8 for the years 1930 to 1938, and a 


rate of 1.4 for the state. The statistics for the cases and deaths from typhoid 


; show lower rates for ‘counties adjoining the Waterway than for those that do 
tests on 1 July 16, 1940, only the usual bacteria hound in ole. 
| Various experts testified that there was no possibility of an epidemic in the — 
. adjoining community due to the-transmission of g germs or bacteria by air + from. 


the Waterw way. On September 17, 1940, the number of bacteria found over _ 
the pool + was about one tenth that of other stations. — On September 28, 1940, 
‘samples of water from the pool showed hydrogen sulfide from 0.1 to 0.2 ppm — 


concentration n of 25° ppm discolor paint. 7 He q quoted Alice 
ei _ Philip Drinker as stating that not more than 20 ppm should be tolerated — 
4 g industry. The sensitivity of individuals varies. _ He knew ¢ of no recorded © 
: _ instance of damage 2 to health from hydrogen n sulfide in a waterway like the 


All the physicians, health a authorities, and snattony experts (nine i in all) w ho 
appeared : as witnesses for the Opponents agreed that the Waterway. did not 
constitute a menace to the health of persons living along it.  r7 
‘Testimony for Illinois on Health Conditions.— —Mr. -Muehlberger, an expert 


toxicologist, testified that the complaints of nausea, headaches, i insomnia, and 
loss of appetite “ may have been caused by hydrogen sulfide.”” He could = 


refer to o any record i in medical literature v where an individual was overcome in 
the open air from a polluted waterway. . Upon exposure to more than 20 ppm 
but less than 50 ppm, the average person would complain of irritation of the 
Mucous surfaces of the: eyes, nose, and throat. As stated, decomposing sewage 
produces organic sulfide compounds, indol, skatole, mercaptan, and 
cadavrin, all having o offensive odors. Mr. Muehlberger considered the condi- 
tions of the Waterway a very definite menace to the health of the inhabitants — 
in the region of Joliet. People may not have died or required hospitalization, —__ 
but they may have been uncomfortable and unhappy. - They : are entitled to a — 
decent living condition with good, healthy ball _ Any contamination of the air 
is a menace, if a sound state of health is upset. a Mr. Muehlberger testified that 
the odor of the pool i in 1939 irritated his throat and nasal passages. However, 
het had noticed d odors in prior years. 
OA J. Carlson, M. De physiologist, testified that. on October 13, 1940, ‘ “the 


His conception of a1 menace to health w. was as typified by conditions which, through . 
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7 100 ppm may cause local irritations and depression of the nervous system. __ ee 
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‘accidents or any ordinary course of ates events, can lead toi injury to ) health. 
He regarded such a . polluted pool a as a menace even if the water is not used for. 
drinking or cooking or bathing. In his opinion, the fact that the communicable 
7 "disease rate in Joliet is no higher than-in other places i is no factor whatever ‘in 
determining whether the pool is a menace to health. — —E ither the inhabitants of 
Joliet are lucky or the medical statistics are not what they are supposed to be. 
Carlson stated that the W aterway been a menace since 1934, but | 


cannot be me: asured in 


phy. siologist, Dr. holding that the 


due to the odor showed an -unhygienic condition \ working as a detriment to the | 
health of the people so so affected. He knew of no recorded e: case of an individual 


being overcome by hydrogen sulfide from a waterw ay. H. A. McGuigan, M. D., ; 
a pharmacologist, agreed with Drs. Carlson and Ivy, pointing out that bid drogen 
& ‘sulfide was not the only odor in the air from the W sterway. 
GENERAL AUTHORITIES ON SEWAGE 


7 ~ Reference was s made t toa report, of of the e American P Public Hea Health A: Associs ation | 


“A long prevalent theory that s sewage ge odors ai are re directly res} responsible for 
disease has been definitely refuted. It is now realized that the physiologi- 
* eal effect, if any, is indirect. © Odors, by causing worry, loss of sleep, loss _ 
g appetite, etc., may be a contributory cause of ill health, and certainly | 
cause discomfort. The courts, in general, have held that the creators of 
P odor nuisance are responsible therefor, and as far as municipal sewage 
eu is concerned, the odor hazard appears to have been shifted from > 
the public health to the public pocketbook.” 


Rosenau, M. D. was quoted (5): 
“While odors may be unpleasant, they are not known to ‘seriously 
influence health. Contrary to common opinion, they are not by any m means 
a reliable sign of danger. * 


JONDITION oF “Waterway IN YEARS 


In weighing ¢ the claims of Illinois that the situation in ‘Joliet and Lockport 
presents | a menace to health which makes imperative | an increase in diversion, , 
the ‘Master assembled all the available references to the earlier conditions in 


‘the Canal and Des. Plaines River, which he cited as s evidence « of g gross pollution. — 


treatment works of the Sanitary District, and Preparers improvement in the 
upper Waterway to the end of 1938. The conditions he cited as of 1872, 1891. 
1921, 1927 had been for the the better. 
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SIONS AS TO HEALTH ——— 
For n many year: years there have been odors from the Des Plaines River at Lock- 
- port and through Joliet. 7 In 1925 when the river flowed over rapids at Joliet 4 
-~ odors were offensive. Fr rom 1930 to 1938 conditions at Joliet in improved, 
7 notwithstanding the reductions i in the flow from Lake Michigan because of = 


at Joliet had become accustomed to this mee. Ww hen ; ‘the | flow from. 
‘Lake Michigan was reduced on December 30, 1938, conditions retrogressed and 
complaints ensued from the | residents, who compared the 1939 conditions with 
those prevailing in 1938 and immediately prior to 1938. They had either — 
forgotten. the conditions prevailing p dng to 1930, or, not unnaturally, felt that 
the improvement should continue. The Che nuisance conditions in 1939 were muct much ; 
worse than in 1938. q They were not as bad in 1940 as in 1939. es 
_— The Master stated that this summary disclosed the facts as he found the 
* In deciding whether these facts constitute a a “menace to health” within the 
meaning ¢ of the instructions of the Court, he indicated he lacked a certain guide. 
The dictionary definitions of menace he considered of no avail, because the 


Court itself will determine what itmeant. 
‘The Master concluded that the Court did not use the expression “‘menace to 
health” in the sense which Drs. Carlson and Ivy ascribed to it. If the Court 
had ad so in intended, , it would not have been Pen necessary ‘to refer the case to a . Master, 
- because the facts were clear in the p papers in the case. If the test be that urged 


: by Drs. Carlson and Ivy, it i is s clear that a a menace > would be found t to ain. 


The Master then. stated 


| 


is not in pos with proper standards of s sanitation and should be 
“The record leaves no reasonable doubt as to the safety of the — 
supply of Joliet and Lockport. Nor can the effect of odors upon invalids © 
and persons of less than average health be accepted as any test of health | 
- menace; even in cases of private nuisance the test is the effect of the acts b _ 
complained of upon persons of ordinary sensibilities and in normal health. 
In the present case it is Illinois itself which is creating the nuisance of which — 
‘it complains and of which it seeks to be relieved by water which | has in 


effect been adjudged by the Court to belong to the opposing States. |  Bighe 7 
“My conclusion is that the facts proven do not establish any menace ~ 
to the health of the inhabitants of Joliet and Lockport or elsewhere along 
an increase in diversion in water from Lake 


RESENT STATUS OF Snwacs TREATMENT BY Sanrrary District 


‘The Sanitary, District comprises 442 sq miles in area, including Chicago and i: 


59 other municipalities. H. P. M. Am. Soc. E., testi d that 
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North Side Works.— —This is an sludge | plant, with a present The 
average capacity of 250 mgd. It went into service on October 3, 1928. The ’ js th 
effluent ¢ goes to the North Shore Channel. The excess sludge and the pre- mol 
liminary” settling sludge are pumped 17.5 ‘miles to the Southwest works for ar 

TABLE Progress IN THE TREATMENT or SewaGe AT 


(a) FLow EARLY Av ERAGES, IN G: ALLONS Dat) REcorp OF SLUDGE AND Grit, 
North South- West Grand Calu- North | South- \ 
| Sides Side’ total “River met®— Side | west a 
31 538 22.8 219. 1 | 400 | 4,984 | 28,504] 
| 55:7 {851 | 3383 | 198 | | 40726 
125.7 | 330.7 | 4,086 | 34,658 | .... 1 
| 608 135.2 | 395.4 5,788 | 35,616 
| 521 128.4 | 3740 | 5,849 | 39,264 |] .... 
| 37.80 1352 | 372. | 4:175%| 33,673 | 
es | 6 197.6 | 464.9 | 2 | 14,387 | 36,427 oe | 
65.4 275.6 27 | 13,539 | 37,145 
305.7 567.6 | “5 | 11,055 | 40,387 
23 237.8 669.9 | 22 | 10,277 | 28,373! 
as 361.5 929. 3s | 11,178 | 70,020 
472.5 1,089.3 | | 10,785 | 61,909 


average percentages. b The. old Calumet Plant was from. Mew 9 September | 13, 
alumet plant. — ¢ The North Side plant was placed in operation October 3, 1928, and the North Branch 
The remaining months of the year were averaged to extend the total to 12 months. Ina six-month period 
.O.D. record for Calumet is for the settling in the old Imhoff tanks. After 1935 the record is for activated 


Calumet We Wor orks. :—This is isan activated shadge plant, with a a average 
capacity of 136, mgd. and a maximum of 200 )mgd. - Sewage v was s pumped first on 
_ December 3, 1935. _ Treatment with activated sludge began on December 16, 

1935. | ‘The excess sludge i is conditioned, de-watered, dried for burning, or or sold. 

8. | West Side Works. —This i is an Imhoff tank plant, designed for an average 


a flow of 472 mgd and a maximum of 700 mgd. The sludge is pumped to open-air | 
drying beds 


4 Soutien Side Works.—This is an activated sludge plant, , nominally de- 
signed for an average flow of 400 med ; and a maximum of 600 mgd. The first" 
battery « of aeration tanks went into service on June. 27, 1939. Sludge disposal — 
apparatus: has been i in operation since August 28, 1939. On March 20, 1940, 
the Racine Avenue Pumping Station went into service, thus completing the 
pickup of sewage except for some minor sewers with : a flow of about 70 mgd. 


By September 26, 1940, all but 35 mgd was connected. SS 


— ~The equivalent population of the Sanitary District is as 8 follows (e xclusive 
of the Corn Products Refining Company): nn Dye 
(U.S. Census) . 901,569 3 3,962, 000 2 3,962 514 


Industrial equivalent.......... 1,486,000 2,237,000 2,549 
387, 569 6,199 5,100,514 6,511,814 
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The industr ial equivalent population { for 1930 was estimated. ‘That | for or 1940 


is the actual value for the period from ‘Apr ‘il to December, inclusive. ; ‘The peak 


month in 1940 was November, with a population equivalent of 3, 065, 00 
Rt ds Expenditures.- —To December 31, 1941, about $166,300, 000 had been 


by the Sanitary District for the intercepting sew ers, pumping stations, and | 


THE Mason W orKS, THE SANI DISTRICT OF CuIcaGo 


” Tons per YE AR © Remov AL oF 5-Day B.O.D.¢ 


(d) REMOVAL OF Soups 


West | Grand , Jor Calu- | West | South-| North | Calu- | West | South- 
Side total | Side | met? Side west | Sides | met Side west 
an | az | | as) | a7) | 


2805, 
9,881 
15,115 
19,655 61,059 
15,796 60,909 
11,321 49,169 
69,807 
69,958 
81,418 
109,133 88.50 


pumping station began operating June 28, 1930. - The Southwest plant began pumping May 23, 1939. 
28 mgd were pumped. ¢ Complete treatment on approximately 60% of the total flow. / Prior to 1936 the | 


= 
E in 1928. aes It suspended operations September 15, 1935, and beginning with 1936, records are for the new 


nt works. was estimated that $11, 756,900 was required to complete 


i the program. | The principal items to be built were at the West-Southwest © 
7 works—namely, the aeration and final settling tanks and completion of i 
a blower house and. sludge handling plant. _ 


Prog RESS IN TREATMENT 


= Table 3(a) ese s that the flow of sew age treated re from 67.9 mgd in 
1928 ‘to 929.9 med i in 1940. C Of the latter, 123 mgd was reported untreated in 


1940. 7 The total sludge and grit discharged to the Main Channel aggregated 


TABL E 4.—Dry Soups DiscHarGep INTO THE CANAL 


Sludge 21,4382 24,613 22, 450 | 33,865 (14,937, 

_ Raw sewage... 960 | 90,450 81 490 63,150 20,290 

Side effluent. 12,180 | 160 i414, 969 | > 
— 


145,572 135,138 123,10 100 «115,658 | 76,472 


53,970 tons in 1939. (see Table 3(b)). In. 1938 it was 44, 198. On and after 
September 16, , 1940, no sludge and grit was so discharged, ‘because of the pro-- 


vision of st some temporary lagoons in addition to the permanent sludge handling 
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and The 1941 ‘data are ‘from and were not 
 tw764 volatile solids entering the Main Channel decreased from 145, 572 it in | 
to vo 472 in 1940 (see Table 4). Briefly for 1938, 1939, and 1940, the percent- 
ge re reduction in B.O.D. was as shown in Table 5. The Southwest works lacks 
_ blowers a and sludge handling -equip- 
ERCENTAGE REDUCTION ment. ‘Activated sludge treatment 
“| IN- was given only t to sufficient ‘Sewage to 
produce solids w within the capacity of 
| 193 o| 1941 the dewatering and and drying 
‘The remainder received d preliminary 
settling treatment only. 
_ Periods of Flow.—For a clearer un- 
derstanding of problem i in the 
“Main Channel and Brandon Pool, the 


time: factors of flow must a 
‘ized. actual of flow | 


4 TABLE 5.- 


56.1 


"4 @ This is only an Imhoff tank plant. 


‘ties i in the Main Channel, are patie econ in Table 6. 
TABLE 6.—Fiow Dara, 


CHANNEL AND 
Buanvow Roap 


Damen Ave. To Summit 


Soumrr To Lockport 


‘Lockport 


0.35 


Hours of Miles 


Hours of Miles 


| Damen Ave. 
flow per hr 


hr) 
30.4 


24.0 
11.0. 


412.5 5 
81.0 
40.0 
38.5— 

166. 


Conprri0ns ‘Locxporr AND JOLIET IN THE SUMMERS 


cor 1941 anv 194200 
- the reques eouneet of the Master, the experts on both sides submitted estimates 


on the probable conditions at Lockport a1 and Joliet in the summers of 1941 and — 


1942. principal factor was the o oxygen demand of sludge deposits in 


Main Channel and Brandon Pool. This: was s difficult | to estimate. oa 
~ The « difference between the two sides was enlarged by a an in over-optimistic 


viewpoint of the Opposing States as to the date of completion of the remaining 


Sanitary District works. _ This viewpoint went ent so far as to to assume that equip- 
ment could be delivered long | prior to the dates set under contract and the works | 


completed in 1941. As a matter of fact, under the present conditions (Novem- 
ber, 1942) of National Defense, iti is clear t that the works cannot be completed 
‘in 1942, and unless priorities are granted, ‘not until after the war. At least two 


years Ww will then be required, after construction is actively r resumed.  o 
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: 7 _ The Master concluded that the conditions in Brandon Pool would be better : 
e in 1941 and 1942 than in 1939. ‘He noted that in the summer of 1938 there was | 
. — only 0.2 ppm of dissolved oxygen, and that no special complaints were heard. 

| However, he believed that there would be no dissolved « oxygen in the pool in 
1941 and that offensive odors were likely to recur. 


or ameliorating measure available for relief of the critical situation at Brandon 


~*~ is an increased diversion of water from Lake Michigan. 7 =i ae > 


" The contention of Illinois was that the only immediate, feasible, remedial 


The writer testified that a diversion of 5,000 cu ft} per sec would i improve 

the conditions over those existing prior to 1939, and that no temporary 1 mea- 
3 ‘sures s are available which can be applied quickly to. obviate the conditions in 
branaon Fool Ouner than 


-rination would more relief at Brandon Pool than the diversion 
of 3,500 cu ft per sec additional; yet Mr. Buswell ell admitted that dilution reduces © 
B.0.D. n more certainly hen chlorine. 
Clarence. R. Andrew, Assoc. M. Am. Soe. C. E., stated that an additional 
diversion would reduce the odors. ‘The only two feasible methods known to 
him were the removal of the pollution at its source or the addition of sufficient 


water to prevent the odors. Dr. Carlson noted that an increased diversion 


_ would lessen both the odors and the menace to health, 
As the witnesses for both sides s agreed that the critical period of nuisance 
and health hazard occurs s during the warmer months (from « ear ly April through 7 
October), and as no complaint or health hazard arises w ith the 1,500 cu ft per 7 
"sec diversion in the colder months from November through March, the budget- 
‘ing of the diversion appeared logical on a graduated scale, with a maximum in ~ 
e midsummer and tapering off into spring and fall, with a minimum in the winter. 
Y _ Mr. Enslow ‘stated the critical temperature of flow to be 62° F. As the 

- temperature rises above this, bacterial 2 action is stimulated, thus increasing 


gasification from matter. The temperature record of the 


— 


woe 


February... 41° August...... 77 
45° 42° September... 75° 
‘April....... 56° 50° October... . 


the Lake Michigan in in a manner to best meet 
needs of sanitation, with a diversion limited to an annual average of 1,500 cu ft — 
om per sec, This includes the rainfall runoff from the e Chicago | and Calumet met rivers, 


amounting to 550 cu ‘ft per sec. ‘There remains a dependable “dry-weather 


| 

| 

° on 

73 

= 


- 
ILLINOIS LITIGATION 
“diversion of approximately 1,000 cu ft per per sec. In 1939, from May ts ) October, 
dry-weather diversion averaged 1,090 cu ft per sec. 
For the protection of the water supply of Chicago, Mr. Ramey y did not 
> consider it safe to maintain a flow of less than. 2,400 cu ft per per sec in the Main 
Channel at Lockport. Domestic pumpage amounts to 1,650 cu ft per sec and 
the storm- -water runoff equals 550 cu ft per sec, making a total of 2,100 cu ft 
per sec. This leaves only 300 cu ft per sec to come from Lake Michigan. - » 
a To provide greater flow during warmer months, dry-weather flows from 
2,400 to 2 ,600 cu ft sand sec were budgeted and attained i in the cooler months of 


Various remedial or r ameliorating measures were proposed by the edie 
States. Illinois contended that these were unsound in } principle, , effective o only 
toa negligible degree, and available ¢ too late. to ‘serve the emergency | in 1941 
1942. Illinois further believed 


TABLE 7 —ScHEDULE OF OR LIORATING Measures 


~ 


Illinois 
(permanent) 


(temporary 


Chemical treatment at West Side works pac 

Activated sludge treatment for West Side Imhoff tank effluent... .| 

Eliminate by-passing of Southwest preliminary settled effluent 

Keep all sludge out of Main Channel 

Chlorinate the flow in Main Channel 

Chlorinate the effluent of the West Side works................. 

Double the air used at the North Side works; increase the aeration 
period from 5 hr to 7 hr to produce 5 ppm of nitrogen as nitrate 

Build cascades at the controlling works at Lockport to aerate the 
flow above Brandon Pool 

Increase the diversion in summer, in accordance with the results 

_ of analyses, to provide a minimum of 1.0 ppm of dissolved oxy- 
gen in Brandon Pool 


The Opposing States urged that the first step to improve the Waterway 
: Ww ould be to discontinue the discharge of sludge into it. | This w as actually done 
at t the end « of aera 1940. | However, considerable putrescible 1 material is 
Other suggested remedial | 


5 Rvatutie, or FF Flushing Brandon Road Pool.—The pool is about 4. 84 
“miles long, w ‘ith a maximum width of 1 ,400 ft. Its surface area totals about 
2, 409,500 sq ft. The water depth varies from 10 to 20 ft. Th 
was approximately 151,000,000 cu ft, which was reduced by 1939 to 120, 000, 000. 
ft. Mr. Andrew of the ‘wUz S. Engineer “Office estimated about 1,250,000 
1, 500,000 cu yd of deposited material, from 2 to 10 ft deep. | He stated that x 
- inerensing the flow would not remove this deposit, but hydraulic dredging could 


— do 80, at a cost of of between $500,000 and $700,000, in a period of from 6 to 9 
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rs 

i months. Louis R. Howson, M. Am. Soe. C. E., thought the cost might be 
| : $400 ,000 : and that a1 any nuisance in _lagooning the material could be controlled 

it by chlorine, 


Experts on both sides agreed that the denser material has largely lost its 
oe to cause nuisance, and that hydraulic dredging w would remove chiefly 


ft ‘material no longer the cause of offense. Mr. Howson doubted the practicability 

of such dredging as compared to chlorination and other methods. Mr. Mohl-_ 
m man and the writer regarded dredging a as an impractical proposition. 

of _ Draining the the Pool.— —Draining the pool was: regarded as impracticable by the 

it ‘U.S. Engineer office for a 1 variety - of reasons. _ The Chief of Engineers declined 

. ~ to allow it. From the discussion finally emerged a plan for permitting a flow 

g of 10,000 cu ft per oe in addition to domestic pumpage for 10 0 days beginning 

2, 1940. To this both sides and the Court agreed. 

1 Experimental 10-Day Flushing. —During the 10-day test beginning Decem- 


ber 2, 1940, the total flow at Lockport averaged 9,973 cu ft per sec. ~The net © 
div ersion was 8,430 cu ft per sec. The level of the Brandon Pool was lowered | 
0.5 ft at lest ond later an additional foot. The flushing s scoured out the Main 
Channel and _ deposited in the Brandon Pool more solids than were discharged - 
(see Table 8). z However, the e solids washed out of the Pool were e slightly higher 
iv percentage organic matter than those which entered, as the incoming total 
solids contained 32.4% volatile matter and the outgoing solids contained 


TABLE —REsULTS OF EXPERIMENTAL 10- Day FLUSHING OF 

Brawpow 


Tota, SuSPENDED MATTER VouaTILE SusPpENDED MATTER _ 
Description 


ay 


Delivered to pool......... 84,010 
Discharged POG. ‘| 21,123 | 25.2 


in pool.. 62,887 


the test the velocities in the pool averaged 0. 47 to 0.55 ft 
sec. The ‘maximum velocities w ere from 1.33 to 33 to 1.58 ft per sec, and the 
‘minimum near the banks from 0 to 0.07 ft per per r sec. Mr. Mohlman shay 
about 524,000 cu yd of material were swept in . All the witnesses agreed that in 
“the Main Channel and Brandon Pool a considerable benefit was accomplished, __ 
as a whole, by re removing sludge from the Main Channel. Mr. Mohlman aaron 
‘if this effect would offset the effect of the additional sludge deposited i in the pool. 
_ Chlorination of W aterway.— ~The Opposing States ur; ‘ged the use of chlorine to 
eliminate odors at Lockport and Joliet. 


Mr. Enslow considered the sludge at Brandon Pool to create a bad situation, 7 


ew 


“Vv 


) 
| W which would re require from three to four times the chlorine necessary if the sludge 
t - deposits were removed. In his opinion there is no parallel case in existence for 
1 the use of chlorine to prevent septicity for such long periods | of flow in a , deep 


t would be a failure at — 


Tiver_ underlaid by sludge, and chlorination at preset 
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Brandon Pool. _ However, he suggested chlorination at the Southwest plant and 
at Lockport. Assuming that ‘no new sludge came into the pool | his opinion was 
that 3 ppm of chlorine was required at the Southwest works and 6 ppm at 

: Lockport, al although 3 ppm might suffice. If sludge continued to enter, 12 ppm 

: or. more, even 15 or 25 ppm, might be required. ‘He considered the attempt 

speculative, and estimated the cost roughly at $700 to $3,000 per day, based 

_ upon chlorine at $43.20 a ton. The equipment might cost $115,000. 
Mr. Buswell deprecated the effect of the sludge deposits. _ He believed 2 to 
8p ppm of chlorine at Lockport w would be su: sufficient, with a chloro- boat in the 
pool to apply 1 ppm if sludge 1 were no no longer « discharged, , and if sludge discharge 
was continued maybe 5 ‘ppm would be needed. To obtain an authoritative 
- opinion, he admitted, would require tests for at least three months. Mr. En- 
slow stated that Mr. Buswell’s estimate of 1 ppm was too optimistic, but perhaps 
- 3 ‘ppm would be safe, if applied at two points. 
a Joseph W . Ellms, M. Am. Soe. C. E., estimated that the cost of a 150-ton | 


to build. He felt that chlorine be applied before con- 
ditions developed, and at several points. | He stated that chlorine could reduce, | 
and. eliminate, odeve from hydrogen sulfide, but that hydrogen sulfide 
would persist as long as organic matter is fed into the pool. — tacos ad 
_L. F. Warrick testified that chlorine would have a decided beneficial ‘effect 
the , Waterway. As a rough estimate he thou ght the effect of chlorine 
applied at the Southwest plant might last from 30 min to 2 hr or longer. (The 
time of flow in June, 1939, actually. varied between 24 hr and 76 hr from the 
works to Lockport) 
Mr. Howson testified generally that, chlorination ‘ “Gs a very effective a and 
positive method of controlling odors.” ie He considered it practicable and effec- 
tive to relieve the conditions at Joliet and Lockport, and estimated that 6 ppm 
_ of chlorine would suffice. 7 With a total flow of 3,130 cu ft per sec, this would 
amount | to 50 tons of chlorine per day. His testimony « on the e subject of of chlo- 
rination was based chiefly on Mr. Enslow’s testimony. — = tar 
_ The Illinois experts conceded that, in many situations, chlorine is ie 


. 


effectively. to | prevent odors; but in view of the sludge’ deposits i in the Main 
Channel and Brandon Pool, ‘they believed that chlorine could not be used ef- 
fectively to eliminate te odor conditions, even if large » quantities were used 


Mr. Mohlman indicated that at least three. points 3 of application would be 


150 tons per ‘day or about $6 1000 to 87, 000° per iy during the summer 1 months. 
The writer called attention to the fact that chlorine does not dispose of the 


organic matter that causes the nuisance at J diet 


Cecil Kirk Calvert, Affilate Am. Soc. Be presented. a “disappointing 
plan in 1930, at Indianapolis, Ind., in which an average of 10 ppm of 
chlorine was applied to the plant effluent. The reduction i in B.O.D. was about 
(10% or 2 ppm of B.O.D. per part per r million of chlorine. - _ Usually the chlorine 
disappeared as soon as the effluent mixed with the Tiver | - water. . On only one 


we) 


occasion was any ry residual chlorine found farther away than 2,000 ft. be- 
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was very moderate and the application woul w ould be e required for five or six months. ; 

He did not consider that the expenditure | was justified, because the : nuisance: 7 
would not be measurably reduced. 

Thus the amounts of chlorine required per day ¥ were » variously ‘iiminieal 

. between 50 and 150 tons, with very doubtful assurance that the money would — 


be w ell s pent | even as an emer ency measure. Witnesses on both sides a reed 
= 


that there is no water or sewa age . plant i in the United States with a capacity for 
chlorine than the Detroit (Mich. ) Sew age Works with 27 ‘tons, 


er 
Cascades at Lockport.—The flow of the Main Channel passes the 


turbines at the power house below Lockport and generates electric power which 


isw orth about $1,500 per day to the Sanitary District. 


Mr. Howson proposed — that this flow be run over a cascade instead of — 
"generating power, thereby picking up 6. 75 ppm of dissolved oxygen or about 
113, 000 Ib of dissolved o oxygen, equivalent to that contained in 2 ,650 cu ft per 
of lake He estimated the cost at een 000 a for” 


based the pickup on the experience at the Hastings Dam in the Mississippi 
River and in the North Side effluent at,Chicago. __ 

— Mr. Warrick believed that such cascades would have a beneficial effect, 
inasmuch as as at Hastings Dam, in 1933 and 1934, about 7.8 ppm of dissolved - 
“oxygen wa as obtained. He stated that the B.O.D. in the water at the Hastings — 

_ Dam was only 7 ppm as compared with 30 or 40 ppm in the flow at Lockport. | 
‘He declined ieeeuniee opinion as to how long such: pickup co could be retained 
and doubted whether any dissolved oxygen would be carried through. 

‘Mr. Calvert testified that such cascades would improve conditions but 

slightly, and that they would create a local odor nuisance. 


be picked 1 up, not to yon 3 ppm, but that the effect would be lost before = 
flow v reached the pool because of its anaerobic | condition. © a (As a matter of fact, 
 setual tests made in October, 1924, , showed a pickup over the old Bear Trap 7 
Dam m of 4. 1 ppm, Ww hich | disappeared 1 in the flow bed 5 miles to the 


Mr. Howson ‘contended that such oxygen would not iat because 
ee: the 15-ft fall i in the flow from the cascade to the pool. _ Mr. Enslow agreed 
ss Mr. Mohlman that the re-aeration obtained by ‘cascading w would not last 
_ long under summer conditions and would not justify t the cost. If chlorine were © 
added to the cascade, _ he felt that : some benefit would accrue. . Otherwise, ‘it 
scading had merit, the effect 
“could be accomplished over the existing control + at the power house with 
= - small expenditure. — He did not consider | that enough was gained to justify 
th loss of $1, 500 per day to the Sanitary District. . The Opposing States _ 
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oxygen at the North Side works averaged about 6.7 ppm from 1934 to 1939, _— ~s 
4 


4 argued that Illinois s should be e required to try every measure that might possibly 
ameliorate conditions even at considerable expense, before diverting any addi- 
tional water fromthe Lake, 
cacy ‘Supply of Additional Oxygen through the Production of Nitrate by Increased 
= | se of Air at North Side and Calumet Works. —Mr. Howse son suggested that 40, 500 
“bb of additional oxygen might be developed in the effluents of the North Side 
and Calumet works by using: more air in the activated sludge process, at an_ 
operating cost of $89,000 for a 5- -month period, | or $216,000 for a a (12- month i 
period. Messrs. W arrick, Ellms, and Buswell agreed i in general. Mr. Buswell 
stated that he knew of no streams with nitrites and nitrates present in the flow 
where e septic conditions oceurr ed, as nitrates tended t to oxidize hydrogen sulfide 
= prevent its formation. | _ Under existing conditions Mr. . Busw ell admitted : 
there would be odors even if nitrates were present. 
Messrs. Calvert and Mohlman agreed with the writer that such nitrate | 


production would be of little ultimate value. The production of nitrates would. 


require an increase in detention period i in the aeration tanks from the present 
basis of 4.50r5to7hr. Such capacity. does not exist at the North Side works. 
Mr. - Mohlman indicated that algae and green plants would form a a secondary i 


grow th in the North Shore Channel which would create a ‘secondary | source of 
B.O.D. He testified that if an attempt were made to control the odor situation 


by pur chasing so sodium nitrate, the cost might reach $17,000 per day — 


Chemical Treatment at West Side Works.—Messrs. Buswell and Howson a 
| posed the installation of chemical treatment on the effluent of the Imhoff tanks _ 
at the est Side works. This was intended to ‘supplant. the treatment by 
activated sludge which i is a part of the Sanitary "District program 
and approved by Messrs. Ellms, Enslow, Howson, and Warrick. Such chemical 
treatment: would reduce the B.O.D. by 21 ppm or, on a flow of 437 med, 
reduction of 76 000 lb of B.0.D. Mr. Howson that the construc tion 
would cost $1,300,000, with an operating expense of from $200,000 for fiv _ 
‘months to $481, 700 for twelve months. (This was substantially the Sanitary 
District estim ate of $1,300,500 (6). ) Mr. Howson claimed in September, 1940, 7 
that this could be completed by the summer of 1941.- _ According to the Sani-— 
tary District report of April, 1940 (6), two and one-half y years ; would be required. 7 
bag Mohlman and the writer both ‘stated that chemical treatment would not — 


be satisfactory, since it wo would reduce the B.O.D. at the West Side from 5 57 to 
36 ppm, whereas activated sludge treatment should reduce it to 10 ppm. The 
- Sanitary District estimated that the | chemical plant would cost $555,800 per 
year to operate at the West Side, whereas the activated sludge plant for 


equivalent purification would only cost $320, 600 per year, w ith a first cos 


t of 


~ Inasmuch as the Sanitary ‘District ha has ado ed the a activated sludge treat- 


- om ment, the Master saw no reason to accept the suggestion that chemical treat- 

4 _ ment be adopted as a | temporary or emergency measure to care for the summer of 
2 1942, at the cost involved, when it would be almost immediately loaunell 
by the superior activated sludge plant. __ 
aie Chlorination of West Side I mhoff Tank E fluents. —Mr. Howson sili de- 


scribed the application of chlorine to the West Side effluent as an “alternative 
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He ‘estimated that ‘this 


Ww oats se B.O. D. by 50,000 Ib instead of 76 ,000 Ib by « chemical treat- 
‘ment. The cost of the equipment ' was estimated at $100,000 and the time for 
construction at six to nine months. The operating expense was estimated at 
$105, 000 for a period of 150 days. _ Mr. Mohlman and the writer did not con- 
‘sider chlorination of the West Side effluent a practical measure to ameliorate | 
conditions i inthe Brandon Pook 
The Master concluded that it w as: obvious that the suggested work could 
not be done before 1942 and that the extent of amelioration was limited. 

_ Planned Use of Water.—The decree of April 21, , 1930, permits a variation in 
the diversion, which the | Sanitary District has utilised to endeavor to provide 
more flow in the summer. Mr. Howson suggested that the present arrange- 

ment be adjusted to provide 4, 200 cu ft per sec flow at Lockport during four 
Illinois cc conceded the mer rit of thi: suggestion but indicated that it was limited 1 
by the necessity y of providing for storm runoffs to prevent reversal i in the Calu-. 


met River and flooding of basements in the Chicago Loop are —— the 


‘Sanitary District carries a reserve for u use in the event of storm. 
In its revised petition, Illinois proposed to take only 1,150 cu ft per sec of 
for January, February, March, November, and Decenber. Assuming 
that this is adequate, the aggregate difference between 1,500 and 1,150 cu ft 
per "sec for f five months is 1 750 cu ft per sec. If distributed over four summer 
- months an additional flow of approximately | 437 cu ft per sec is provided al 
each month, or 1,935 cu ft per sec. if this i is added ine domestic pumpage 
of 1,700 cu ft per sec, the total i is 3, 635 cu ‘ft per sec, as compared with 4, 200 
cu it per sec suggested by Mr. Howson. —— 


Master indicated that this. suggestion w ould only contribute about 
22,000 Ib of oxygen to meet the B.O.D. situation at Lockport. The lesser a 
amount possible upon the. admission of the Sanitary District is not substantially i 

ameliorating. To quote: “ : “In view of the paramount | impor tance to the health 

_ of Chicago of avoiding any reversals of the river” the Master h hesitated ‘ ‘to 
make a finding that the Sanitary District should be required to g go further in 
budgeting than in its modified petition it admits to be possible.’ _ 

Metering of Chicago Domestic Water Supply —The Opposing States offered 
| in evidence a table showing that the Chicago per capita consumption was 


214% more than the Average of nineteen other American cities. In 


of 412,228 w water services in 1940, only 115,025 were metered. _ MD 
fe Illinois offered evidence through Loran D. ). Gayton, M. Am. Soe. ¢. E, then 
city” engineer of Chicago, showing that to vide universal ‘metering Ww vould 
-Tequire 300, 000 meters, costing in excess of $10,000, 000 and requiring more a 
Six years to install, at the rate of 50,000 meters per year. In the 10-yr period 
from 1930 through 1939, the city installed an average of 4 4,165 meters per ong 
- greatest number ever placed in one year in Chicago was 16,864 in 1931. 
0 money had been appropriated for their pur chase. Under the — 
Mr. Gayton stated that he did not believe that any meters installed in 1941 i 


‘1942 on the South Side area (in. connection with the n new filtration plant) w vould — 
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Should the. the « domestic pumpage be ye reduced, the Master found no evidence to 
—_ him to appraise t the extent of the > resulting benefit. we ae | 
Activated Sludge Treatment at Southwest Works for West Side Imhoff E fluent. 
= ‘Howson suggested that a large part of the Sanitary District program for 
_ the activated sludge treatment at the Southwest works of the West Side Imhoff 
— effluent could be speeded up, covering an estimated cost of $3,267,200. ‘The 
_ writer testified that this sum was inadequate without the addition of certain | 
essential items, totaling approximately $700,000, thus raising the total to 
$4,048, 000. The Sanitary District for the entire extension n of the 
activated ‘sludge plant w was $4, 878,500. Furthermore, « of the program adv 
cated _by Mr. Howson, certain conduits and appurtenances costing about 
a 000 would be of no value w when the plant was completed. A 


Tue Comments oF THE MasTEeR 
= The Master indicated that the contention of the Opposing States is that 
‘the Sanitary District might complete i its ae before the summer of 1942 by 


effort. He that 


_ i: he t ‘record indicates ‘that the Sanitary District has been influenced, 


not so much by the desire to make speed, as by the purpose ultimately to 
_ complete an efficient system at as little expense as possible to its taxpayers. 
- These are praiseworthy motives when considered from the standpoint of © 
8 Sanitary District alone, but they may not place the emphasis upon — 
_ the Ronit to which the legitimate protection of the interests of the oppos- 


Master also noted that “the record « contains “humerous references | by 

of the District to the importance of s saving the 

Tllinois tried impress ¢ on that with the funds available to the 
"ty District for construction and operation, in accordance with its legal 
limitations, the engineers of the Sanitary District had endeavored to spend such 
funds to best advantage to produce permanent results, instead of frittering the 
_ money away on n expensive | makeshifts and thereby i injuring the operation of the 
—* works and delaying the construction of the program which the experts 
on both sides agreed was s the | only real solution | of the problem, the treatment to 
a high degree of all the Sewage and the handling o “ all the solids so removed, ‘so 


M 
ECOMMENDATIONS oF THE ASTER 


a decree be entered Sientaiun the petition and the ‘modified | petition of the! St: ae : 
of Illinois for a modification of the decree of April 21, 1930, and taxing the costs 
of the litigation against the | State of Court then dismissed the 
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oF THE SPECIAL MASTER 


conclusions to the Court: 


7 —“(1) The actual condition of the Illinois Waterway by reason of the 
- introduction of untreated sewage creates in the summer Bi Fn a nuisance 
through offensive odors at Joliet and Lockport, but does not present a 
menace to health. No nuisance conditions were proven to exist along the 


Waterway at any other points. 


With respect to remedial or ameliorating available to. 
; the State of Illinois without an increase in the diversion of water from | Lake 
Michigan, my findings are as follows: = 
- “(q) The dredging of Brandon Road Pool would remove » chiefly aa 
~ accumulations of sludge which have completely or largely lost their potency _ 
as causes of nuisance and would therefore be of extremely doubtful efficacy. | 
It would cost between $400,000 and $750,000, plus the cost of providing ~ 
_ spoil banks and lagoons. — It would present problems as to possible nui- | 
sance from such spoil banks and lagoons and require further expense for 
chlorination. I do not think this is a feasible ameliorating measure. _ 
—&6) The « draining of Brandon Road Pool cannot be accomplished _ 
- out some interference with navigation, to which the War Department, 
which has sole jurisdiction over nav — will not consent. For 


— Chlorine is an effective measure to reduce and but 
owing to the size of the Brandon Road Pool and the large sludge deposits 
therein and the continuing discharge into the Waterway of incompletely 
treated sewage, it is impossible to make a reasonably certain estimate of 
the amount of chlorine which would have to be applied to produce a sub- 
stantialresult. 

- “Tn order to have a reasonable prospect of substantially controlling 7 
offensive odors, it would be necessary to spend from $3,000 to $4,000 a day - 
for chlorine, plus several hundred thousand ‘dollars for chlorinating 

—“(d) Cascading the water at Lockport or sending it over the dam there | : 
would be remedial to the extent of producing some oxygen at Lockport. 

How much oxygen would be produced and how much of it would rock 
Joliet and the Brandon Road Pool is uncertain and could only be 1% 


‘mined by actual trial. The use of the water in this way would cost the 
‘Sanitary District $1,500 a day in the loss of power and it would be neces- 
sary to use an undetermined amount of chlorine to prevent an odor at the 
_ “(e) The supply of additional oxygen through production of nitrates 7 
by increase of air on the North Side and Calumet plants is not a feasible 
ameliorating suggestion for the summer of 1941. The evidence before me 
is not sufficient to prove that it is feasible for 1942, in view of the testimony 
_ of the Sanitary District experts that it would require an increase in aeration — 
tank capacity. The proof before me is insufficient to support a conclusion 
that this suggestion, if it could be put into effect for the summer of 1942, 
_ would be substantially ameliorating. 
_ “(f) Chemical treatment at the WwW est Side f plant \ would involve a + very 


or _ After hearing all the testimony and inspecting the upper Illinois Waterway — 7 +. 
ff from Brandon Road to the Power House, the Master presented the following | - 
e 
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and if it — be installed by 1942 would be almost immediately su super- 
— seded by the activated sludge treatment which is provided for by the 
Bron nl Ss permanent program. This does not — to me a feasible 
_ “(g) The estimates as to cost of chlotinating West Side Imhoff ne 
7 effluents are too uncertain and the opinions of the experts too conflicting — 
-as to the extent of amelioration which it would afford, to enable me to make 
any finding that such chlorination is a feasible ameliorating measure. 
—  “(h) It is feasible for the Sanitary District to budget the 1,500 c.f.s. 
of water now permitted to be diverted in addition to domestic pumpage 
so as to divert only 1,150 c.f.s. in the months of January, February, March, 
4 Fig aged and December, and to allocate the aggregate saving in diversion 
4 n those months to the summer months. This ameliorating measure will 
a nal, however, materially reduce the BOD at Lockport, and will not, 
therefore, substantially relieve the odor nuisance. 
— “(@) The adoption of compulsory water metering by Chicago is an 
s ameliorating measure, but the evidence before me is not sufficient to enable a 


me to make any finding as to the extent of amelioration which it would © 
afford or the time within which it could be made available. nena 
‘ _“(j) The provision of activated sludge treatment at the Southwest 
plant for the West Side Imhoff tank effluent is a very important and 
feasible ameliorating measure to which the Sanitary District is eommitted, 
a and toward which it has made some progress. The extent of the pr ogress - 
will depend upon the industry and enterprise of the Sanitary District. 
_ There is no prospect that this ameliorating measure will be operative in the — 
summer of 1941. It is possible, but doubtful, that by special diligence it 7 
might be made operative in the summer of 1942 instead of only by the end 7 
of 1942, as claimed by the District. eT Pee 
a As additional equipment is installed, it will become possible to : 
iat “give complete treatment during the course of 1941 and 1942 to increased | 
ue quantities of sewage at the Southwest plant. The progress which will be 
ig made during these years and the gradually declining influence of sludge 
deposits from past years will be operative in the summer of 1941 to improve 
conditions at Lockport and Joliet as compared with 1939 and 1940, and 
_ will be operative to a further extent in 1942. The extent of relief from 
offensive odors which will be afforded at Lockport and Joliet in the summer — 
- months of 1941 is very doubtful, but there is a better outlook for the sum- 
mer months of 1942. Weather conditions will have an important influence. 
— “Notw ithstanding every effort on my part to press the hearings and 
- consideration of this case, one of the three years for which Illinois originally i 
- petitioned for relief (1940) has already passed. The people in Joliet and : 
Lockport have submitted to the conditions which pr evailed i in the summers 
— of 1939 and 1940 without serious consequences to health. If relief is denied 
oS the years 1941 and 1942, the authorities of the Sanitary District may 
be spurred to increased effor ts in the treatment of Chicago sewage. The | 


hearings before me have already resulted in the putting into effect of 
provisions as to — of incompletely treated sewage which had not 
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ing Chemistry, Vol. 30, 1938, ‘pp. 340: in 
Journal, Vol. 10, 1938, pp. 636-640. 
(2) “Taschenbuch der der Stadtentwasserung,” Karl ; 1939, 
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(3) Report of the Committee on Sewage Disposal, by H. Pr. Eddy, e et al., 
-_ Engineering Board of Review, The Sanitary District of Chicago, 1925. 


(4 4) “Chlorination in Sewage Treatment,” ' by L. Pearse, et al., Rept. of the 
var 


—_ Committee on Sewage Disposal, Eng. Section, Am. Public Health Assn., 


“Preventive Medicine and Hygiene,’”’ by M. J. Rosenau, Sixth Ed., 1935, a 


pp. 898-900, 928. 


(6) “Report on Additions to Southwest Sewage Treatment Works and Supple- 
Treatment for West Side Treatment Works,” by We . Mohl- 
‘man, L. M. Johnson, W. A. Dundas, L. C. Whittemore, L. Pearse, , and 

__H. P. Ramey, made to Chief Engineer, April 16, 1940. _ =aeQees 

| “Engineering of the Illinois Waterway,” by Walter M. Smith, 
Transactions, Am. Boe. _E., Vol. 98 (1933), p. 309. 
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HYSICAL PROPERTIES THAT AFFECT THE 
BEHAVIOR OF STRUCTURAL 


By WILBUR WILSON," AM. Soc. | 


of structural steels usually preser 
cations are the strength and ‘the ductility. 


certain physical properties | are prescribed, ‘there be sor some quite | te 
"relation on b between “these properties ar and the behavior of ‘structural members. 7 


“The purpose at this paper is to discuss t this relation and to ra raise the question as as 7 


Way Is ‘Necessary 
The we propertie 2s universally prescribed (and the only | ones usually pr e- 
- scribed) for structural steels are strength : and ductility. The value o of high 
"strength is is self-evident. The value of ductility | is so general that some 


cussion w ould seem to be in order. Engineers generally agree th that at ductility i is 


_hecessary for the following 1g reasons: 
(1) To prevent fabrication and erection from breaking or 


a _ (2) To permit members: that are slightly bent in handling. to be be straightened 


yy (8) To enable plastic deformation to « effect a more nearly uniform distri- 


bution i in regions of concentrated ‘stress due to inaccurate fabrication, thermal 
tres: du to weldin ther es; 
stresses ue J we ing, 0 or other causes; 


provided for in the design. 


“Saal Notrre.—Written comments are invited for immediate publication; to insure aan the last dis 


cussion should be submitted by May 
1 Research Prof Structural Eng., Civ. Eng. Univ. Illinois, Urbana, 
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Synopsis” 
ibed by specifi- 
— 
" hi a * not there are other characteristics of the material that shou pe 1 ie. 
— 
— 
> 
— 
— 
load stresses are additive beyond the yield point; and 
ii (5) To give the structure a shock-absorbing capacity that will enable it to ae 
gnitude that are not quanti- 
~ 


All of these actions on one or —_ occurrences in n limited a 
deformation stress, exceeding slightly the yield point of the material. 
pe... term “deformation stress” ‘is not in general use e and an of 


stres ess incident toa a | as as distinguished from a stress 

as incident to a load. The vertical shear in the o outstanding leg o of the con- q 


{ 


_ Fig. 1.—Successrut Construction REQUIRES THE Use OF A 1 TO Wirustanp Ovzrstress 
Serrovs Insury To Mempers. Construction View or a Hicu-Leveu 
‘Viapuct OVER | THE CUYAHOGA RIVER AT CLEVELAND, 


‘nection angles of a stringer is a load stress because it results from the load 
carried by the stringer. sit the outstanding leg were to fracture because of the 
shear, the end of the stringer would fall. As distinguished from this action, 
the outstanding leg a Thi | angle is ‘subjected to flexure because of the 


Papers 
: 
— 
— 
— 
: 
— 
— 


December, ‘STRUCTURAL ‘PROPERTIES 1717 


the - outstanding leg were equipped with hinges at both + vertical edges, ges, the neces- 
- sary 7 movement could take place | without producing flexural stresses in the 
outstanding leg of the angle, and the connection angle would still hold the 
position. This latter. case ‘illustrates a primary characteristic of 
all deformation | _ stresses, » whi hich can _ be stated as follows: If _the movement 
which caused the deformation stress could take place without stress, the load- 
carrying capacity of the structure of which the member under consideration is a 


part would not be appreciably affected.) 


* Hazards of Fabrication and Erection (Item (1)).— —Stresses slightly in excess 


of the yield point probably occur in most structures during fabrication oo 


erection. Successful construction r requires the use of a steel to withstand this 
overstress without serious injury to the members. — For this reason, eng ineers, 
in general, consider the « capacity of structural steel to ) elongate 1% or 2% at the 
yield point, , without any appreciable increase in stress, to be one of its 1 most 
valuable characteristics. This plastic deformation is twenty- -five times ‘the 


elastic deformation corresponding to usual design stresses, but standard A7 


carbon steels? and a number of low-alloy structural steels can be subjected a 


this deformation without being stressed appreciably beyond the yield point 


Moreover, if a steel originally capable of being elongated 25% is elongated = 
“locally 2% ® during fabrication, it still will retain more ductility than it is — 
feasible to utilize. Furthermore, tests showed that. an AT 7 steel, after being © 
subjected to more than 2,000,000 repetitions of a cycle in which the a 
. (tension) varied from 25,000 to 50,000 lb per sq in., r etained its original static = 
strength, and practically all of its original duc tility, although its yield point. 
- Was raised. (The first application of this stress produced a plastic defor ‘mation | 
; of the order of 4% or 5% o-*) _ There is a possibility, however, that age embrittle- - 
_— ment m may develop in some steels subsequent to plastic deformation. _ The possi- — 


v bility of this action taking place in in structural steels has not been studied i ina 


justify the conclusion that they are suitable for structural purposes after 
| ean to the overstress incident to fabrication by riveting. Never theless, : 


it would seem desirable, particularly with the low- -alloy steels, to make compre- 
hensive studies to determine the extent to which their ductility i is s reduced by 


embrittlement t subsequent to plastic deformation. 


The foregoing ec comment pertains to the results of ov omens incident to 
fabrication by riveting. decade the engineer 


Fora half century, carbon structural steel similar to A7 has been success- 
= fabr icated by riveting. — Low- alloy structural steels have been fabricated, 
but to a lesser extent. 7 Experience with both of these steels. iw ould seem to — 


. because of their economy and convenience. he A7 paar steel, with carbon 


| . manganese content limited to 0.25% and 0.70%, respectively, can be 


welded without serious ‘metallurgical damage, and specifications‘ have been 
a adopted for the welding of highway and railway bridges. eas : 


Specifications, American Society for Testing Materials, Designation, ASTM—A7. 
3 Bulletin No. 327, Univ. of Ilinois Eng. Experiment Station, Urbana, IIl., 1941, p. 32. 

* American Welding 8 1941 ‘Specifications for Welded and Rail id 


Mg 
| 
4 
A 
ind 
{ 


‘The e effect of oxygen cut cutting and welding upon structural steels my i 


a 
(a) If carbon structural I steels s similar to AZ are oxygen-cut with a aaa, 

ally guided torch, the resulting edges will give tests equal to planed edges, 

_ but evidence is not available to justify a similar statement relative to low-alloy 

“ (b) Although w welding and oxygen cutting, when properly done, do no serious 

metallurgical damage to carbon structural stecls with certain 1 limitations 0 of 7 
carbon ¢ and ‘manganese content, they may ay result i in serious injury to members 
_ subjected to ‘Tepeated | or reversed stresses. Surface irregularities or abrupt 

changes i in section are serious “stress raisers” ’ that greatly reduce the — 

structural The indiscriminate use of oxygen cutting 


welding may in n rough edges or abrupt changes i in ‘section, with an 


oo. (c) Low-alloy steels can be oxygen- -cut and welded, provided that the proper 
_ procedure i is followe ed, | but if the proper procedure i is not followed the resulting 

member may be much more unsafe than a similar member fabricated of ad 


steel; — the Possibilities of. serious damage are not t limited to major 


embrittle the member. are the results of metallurgical 
_ The damage i is all the more dangerous because it results from a minor operation . 


that - may not be given 1 serious consideration. No oxygen ‘cutting or Ww velding 


Ss of any medium- -carbon or high- carbon steels or any low-alloy steels ‘should t be 
‘ ne done except in complete accord with the procedure developed for the particular 


steel i in question, and then only under competent supervision. sion, 


Errors in Workmanship (It tem (3)) —The | plastic deformation at the ‘the yield 
‘point that prevents a member from being injured by the fabrication ‘processes 
also effects a redistribution of uneven stresses and greatly reduces the on 
-* which load stresses and moderate deformation stresses are additive —_ 


7 the yield point. 7 _* might not be true under a tri- axial stress condition. 


= of this is apparent from the be- 
= of a column whose reinforcement is attached with longitudinal fillet 
welds. Measurements on columns with an L atio of 70 , when reinforced in 
this | manner, indicated that the thermal stresses due to welding were equal” 
to the yield point of the material. Ne layin tests: showed that ~ ca 
carrying capacity of the colun 


increase in section. 6 This was plastic at 


_yield-point stress prevented the stress at ‘any point from the yield 


|, 1935, p. 
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point of ff the material by an. appreciable amount. It also permitted low- 
r. stressed material adjacent to high-stressed material to limit the strain of the © 
latter to a value only slightly greater than the elastic strain corresponding _ 
to a yield-point stress. Moreover, the high-stressed material was ‘supported — 
laterally by the adjacent low-stressed material . The action of a similarly 
reinforced tension member is much the same except that the load- omaies 
capacity of the member might not be increased quite as much : as the area of 
z the section because the stress-strain relation would not be the same in the 
- heat- affected zone as in the unaffected zone. However, the difference would 


be great for an A7 steel. 

a The effect of superimposing a a : load stress | upon a deformation stress i is similar 
| to the effect of superimposing a load stress upon a thermal stress. - In fact, 
a thermal stress is a deformation stress—a stress resulting from motion, or 
from the prevention motion, as ‘distinguished from a stress resulting from 


to the action of a in i to which reinforcement is attached with longitudinal 7 
7 - fillet welds in that some portions of tl the section are stressed higher than other 
portions s and in that a redistribution of stress takes place when the maximum 
The stresses in the members used i in the foregoing illustration exceeded the 
“yield point of the steel | over some portions of the section. The writer has 
taken the position that, in many situations, this high stress does not endanger 


‘the safety of the structure, for the following reasons: 


(A) In each instance, the stress in excess of the usual design | stress is s due — 


' toa deformation, and this deformation is limited in magnitude to a value only” : 

_ Slightly « exceeding the elastic deformation corresponding to a yield-point stress 


by material other than the material that is overstressed;and 
aa (B) The deformation at the yield point 1 that equalizes local : stress concen-— 
trations does not seriously injure carbon and some low-alloy structural steels. - 


4 


_ Approval i is given to the | action described, subject to certain limitations, 

r uo with the idea of deliberately 07 overstressing material 1 in new construction, but. 

- with the idea of possibly retaining old structures in service which have edeforman 

"7 tion stresses due to foundation movements or which must be reinforced because 
of an increase in the loads. — ‘Even for this purpose, combined deformation 

. stresses and load stresses equal to the yield point of the steel cannot be accepted 

: for compression members for which the deformation will cause local wrinkling i 
failure or for which eccentricity of the resultant stress will introduce objection- _ a, 

able flexural stresses 11 in the column as a whole. — Likewise, a high, combined, 

load- and-deformation stress cannot be accepted i in a tension member that has 

mm reduced section at a ‘point of maximum stress. — Such | stress will cause — 

j strain resulting from movement to be concentrated at the reduced section in-_ 

- stead of being uniformly distributed over a considerable length, as it would be 7 

ecient Shock me tem (5)) —A fifth reason 1 why ductility is an essential 

Property of of ‘structural steels is that it gives the structure a shock- absorbing 
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nitude that are ws quantitatively provided for in the design. 


wheels, “out- w vheels, track irregularities, ¢ etc. These 
in the members of a bridge, and a member i is so de designed that w hen impact 
_ stress is added to dead-load and live-load stresses the total does not exceed 
18,000 Ib per sq in., a value considerably less than the yield point of the material. 
In other words, ‘the impact that is known to exist, and which i is evaluated i in 
the design, pr vaduees an elastic deformation of the material. — ‘This | impact is 
to be distinguished from a an accidental shock (such as 1 might result from a 
~ derailment) that is unknown in amount and may be so great that it will bend 

or break a member. — ¥ One occurrence of such a shock would cause failure in a 

. tension member made of a brittle material and would cause permanent deforma- 7 
tion in am member made of a ductile material. Failure. of the brittle member 


might cause the collapse of ‘the entire structure »W hereas per manent deforma- 


tion of the ductile member, in most instances, would require ‘nothing more 
a ‘Serious than its steplacement. 
- In general, en engineers recognize the value of a shock-absorbing capacity in a a 
whe that will prevent the collapse of the structure as a whole, due to a 
large. accidental shock, but they are not willing | to add material to the structure 
. ‘merely t to provide safety against this unpredictable action; nor would this seem 
to be necessary. The pr proper solution of the problem would seem to be: _ 
1°, ‘First, , design the structure so that all loads and forces that are expected to 
come upon the structure, and which can be evaluated, will be resisted at 


stresses well below the yield point of the material (this is designing for strength); 


‘provide the greatest shock- even though the 
‘magnitude of some possible accidental shock cannot be anticipated, provision — 
: will have been made to guard against the destructive effect of the shock with — 
_ a, These two steps, consciously or unconsciously, enter into the design of all 
structures. _ The second step is introduced when the use of a ductile material 
4 is : required. . AY part of the second. step that is not always. recognized i is that the 
bing capacity of a member depends as much upon the geometrical 
characteristics of the member as upon the ductility | of the material. or me 
‘The shock-absorbing capacity of an A7 carbon structural steel is approxi- 
‘mately one thousand times as great i in 1 the plastic range as in the elastic range. 
This is true only if the entire volume of the member is equally stressed when 
J failure occurs. _ The truth of this statement is apparent from the stress- strain 
<«, diagram for such steels. | The work done in a tension failure is ; represented by | 
the area under the stress- strain diagram. This varies for various specimens — 
but m may ; have a value of the order of 18,000 in-lb p per cuin. The: work done in 
a 0.8 of t the ultimate equals under the stress- ~strain 
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ascending portion of the curve, the area a under the portion of the curve to the - 

left of that point will be relatively — of 1 the order of 10% or 15% of 

‘the : area under the entire e diagram. — 

An effective net section of 80% by test? is is as great a as is usually realiz od in i 
fabricating by riveting. yhen Tiveted member fails i in only a small 
part of its total ve sverse section through the rivet 
holes—is stressed to ie ultimate capacity and undergoes the full plastic de-— 

for mation of w shich the material i is ;capable. This small volume absorbs s energy 
that is equal, approximately, to 18,000 in-lb per | cu in. 7 Much the greater 
portion of the volume of the member i is stressed to only 0.80 of its ultimate 

capacity and ‘undergoes a correspondingly ‘small plastic deformation. 4 The 

energy that this greater volume has absorbed when the weakest section fs ails 

is of the order of 1,800 in- Ib per cu in. The average value for the entire member 
depends t upon the rivet pattern, but is not likely to exceed 3,000 to 4, 000 in-lb- 


per cu in.  Thisi is the basis for the statement that the shock- -absorbing capacity a 
of a member | depends a as much 1 upon the geometric: al characteristics of the . 


member as upon the ductility of the material. — » Mechanical engineers, in their 


7 treatment } of bolts that fail due to shock, have long recognized the principle 
involved. Such failures are largely | eliminated by turning down the body of 
the bolt to a diameter | less than the - diameter at the root of the thread. lL. 
‘The fact that some types ‘of members have 2 a ‘greater percentage of g gross 
v rolume that is effective for absorbing shock than others i is the justification for > 
‘using a less ductile steel for some types of structural members than for others. 


. Cables of ‘suspension 1g are fabricated of w ires that may have a _ 
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an uagation i in 10 in. as “thee as 4%. Because the wire is of uniform ontion, 

_ the entire volume \ will be stressed equally, and the energy required to break the 
| wire is of the order of 7,000 in-Ib per cu in., a value twice as great as the entire 

shock. absorbing capacity of f many riveted tension members fabricated from an - 

‘The ey yebar i is another fabricated member that has a high shock-absorbing 


capacity because the —“— is uniform over the entire length except for en-— 

largements ¢ at the ends. The cables of the Floriandpolis (Brazil) suspension _ 

bridge were fabricated 0 of ‘medium- carbon, heat-treated ey ebars. ® _ The specifi- 

cations for these eyebars prescribed a ‘yield point and ultimate strength of 
75,000 and 105,000 lb per sq in., respectively, and an elongation of 5% in 18 a7 
The design stress was 50,000 Ib per sq in. The energy required to break o 

_ of these bars is of the order of 4,300 in-lb per cu in., a value somewhat greater 

than the corresponding value for a riv eted member of A7 steel. te 

The foregoing weal seem to justify the use of high-strength, low- 


ductility steels for wires and eyebars, inasmuch as the uniformity of section 
7 


more than offsets the low ductility o of the material in \ their effect upon the shock- 
_ absorbing capacity of the member. This being true, it would seem that it 


es, ‘Tension Tests of Large Riveted Joints,’ by Raymond E. Davis, Glenn B. Woodruff, and Harmer — 
E. Davis, Transactions, Am. Soc. C. E., Vol. 105 (1940), p. 1248. = = ©. 


7 ae 8“The Eye-Bar Cable Suspension Bridge at Florianopolis, Brazil,” by D. B. Steinman and William 
Grov e, ibid., Vol. 92 (1928), Pp. 


| 
7 
| 

— 

4 
a 


PROPERTIES 

might | be profitable to consider whether or or not it is possible to devise other 

methods of fabricating structural members so as to conserve a greater part of 

shock- absorbing capacity inherent in the material instead of discarding from 

50% to 80% of this capacity, as is now usually done when fabricating by 
riveting. expedient that is used to. stress the member uniformly high 
over the main part of its length must result in a member that has no section 
_ weaker than the body of the member, which is to be of ‘constant § section. = 


‘Loapine UPON ‘Tenstte F PROPERTIES OF Sree, 
Engineers have formed of the tensile properties of steels. 
static tests. term “‘shock’”’ implies motion; that is, rapidity of appli 
“cation n of the force. Some e engineers have a vague that the resulting 
_ stress, because of its suddenness of application, is more injurious 1 than a static 
stress of the same intensity. Whether or not there is any basis in fact for this 
- feeling depends upon whether or not the speed at which a steel is strained has 
2 any significant effect upon either its strength or its ductility. _ In the previous 
section of this ] paper, r, the comment relative to the shock- absorbing capacity r of 
members i is based upon the assumption that the ultimate strength and stress- 
“strain ‘relations are not significantly : affected by the s; speed of loading. 


‘Mann’ reports tension tests on four alloy steels loaded at various 


ste te 28.5 ft per sec. . His discussion of the tests contains the following 
paragraph: 


“Tt ha - been sk hesind in the data presented that when similar specimens 


g the same material are tested at normal temperature, under both static. 


dynamic conditions, the total energy values obtained from each arethe 


- game, provided the velocity of impact is within a certain limiting amount, 
and that when this velocity is exceeded the impact values become con- 
siderably reduced. A possible explanation of this phenomena is obtained 

from a further consideration of the mechanism of the static test.’” 

‘The tests cited showed that the shock-absorbing capacity of SAE-1035 
(e® began | to fall off ‘slightly at a speed | of 25 ft per sec. In considering this 


velocity i in its relation to Ww hat might be experienced i ina bridge, it should be 


that 

at which a tain crosses a b bridge ot or at which one body strikes another. a iii. 
Mann used short cylindrical specimens of constant diameter contained 
i between heads of larger diameter, and they were subjected to a high-speed 
tension test. A few high-speed tension tests were made at the University of 
Illinois on specimens with geometrical characteristics of structural members. nu 
‘The specimens included 3-in. . by 3-in. . plates ¥ without joints; ; similar | plates w with 
7 or open, drilled holes; similar plates connected with butt welds; and others con- 
nected with riveted joints. - The force was derived from a 3, 300- Ib steel block 
which fell 10 ft and impinged on a nut on the lower end of a 2-in. steel rod 


“The Relation Between the Tension, as Tests, by H. C. Mann, Proceedings. 


10 Specifications, Society of Automotive SAE-1 1035. 

«The Effect of Speed of Loading Upon the Ductility of Structural Steel,’’ by | Gordon L. Jeppesen, and 
“The Effect of Speed of Loading Upon the Ductility of Structural Steel,” by Robert Zaborowski, theses 
presented to the Univ. of Illinois, Urbana, IIl., in 1938 and 1940, respectively, in partial fulfilment of t bead 
requirements for the of Master of Science in Civil Engineering. 
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suspended from 1 the lower end of the specimen. The results indicated that. : 
the shock- absorbing capacity was as great under dynamic loading as under 
staticloading, 
The results of these tests are highly significant to the designer of bridges and, 
although the work that has been done is only exploratory, it would seem that 
the discussion, ‘Why Ductility Is Needed,” based on static tests, applies to. = 
high-s speed loading, provided that the “limiting speed” in Mr. Mann’s tests is 
not exceeded. it also would seem that an impact stress i is no more destructive a 
an equal static-load stress, provided that the speed at which strain occurs 
~ does not exceed the limiting speed u used by Mr. Mann. — . Additional high-speed _ 


: loading tests are needed at both normal and low - atmospherie temperatures. 


Fanicus 
| St tructural members are designed for known loads, treated as though they 
- were static, and are fabricated of a ductile steel to enable them to withstand 
shock. It is now known that members subjected to repeated or reversed loads 
may fail by progressive fracture (unfortunately designated as a “fatigue 
failure”) and at a relatively low average stress. Moreover, it is known that 
the fatigue strength of small machined- and-polished specimens is not a de- — 
pendable criterion of the fatigue | strength of a structural member fabricated of © 
the same material , and that the fatigue strength of a structural member does 


‘not necessarily i increase with the static strength of the steel from which it is 
fabricated 

= The ordinary formulas of mechanics of materials have been developed 
mainly for the design of structural members subjected to static loads, and they 
almost entirely neglect to consider localized stresses due to nonhomogeneity of 
‘material and sudden changes of cross section in structural parts. _ There are 
many localized regions in structural parts where the stress is higher, sometimes 
several times higher, than that computed by the ordinary formulas for strength 
of materials, 

“Any cause which produces a localized ar area 2a of high : stress is called a ‘a stress” 
‘raiser. Abrupt changes in section, notches, reentrant angles, grooves, screw 
threads, surface irregularities, and discontinuities such as cracks, holes, or in- 
clusions are stress raisers. The effect of a round hole in a plate, and of other 
simple stress raisers, has been determined by mathematical analysis and studied 
by means of transparent: models viewed with polarized light; but, because the _ 

= effect of : a stress raiser upon the fatigue | strength of a specimen is isa function 7 


the size of the s specimen and of the physical properties of the ma material, as well 

as of the stress raiser, these studies are of limited value i ein predicting the fatigue 

strength ofa a particular s specimen. _ ‘They are o of real value, however, in deter- 
‘mining types of geometrical stress raisers that are to be avoided. aa 
rs The cumulative 2 experiences of half a century indicate that there is little 
‘Teason to fear fatigue failures i in riveted carbon- steel chords of aren, or other 7 


members contain no severe stress raisers. There 
has not been sufficient experience to justify a similar statement relative to 7” 


Bulletin No. 802, Univ. of Tilinois nois Eng. Experiment Station, Urbana, 
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welded members i in carbon steel or relative ‘to either welded or riveted members 
of the low- -alloy steels. Experience has demonstrated that riveted carbon- steel 


- members subjected to a large number of repetitions ¢ of the design stress do ‘fail : 


in fatigue. Fatigue failures of similar details made of low-alloy steels may be 
8) A limited number of fatigue tests have been made. on on steel structural 
members. oe More fatigue tests of both welded and riveted connections 
are needed, and they should b be made on specimens as large and as nearly like 
‘the connections used in structures as it is ; possible to test. Tests are also. 
needed to determine the impact- fatigue strength of structural steels, and these, 


likewise, should be made on specimens with the > geometrical characteristics of 
structural members. 

‘SHE AR-SLIP RELATION FO 


=, oe The extent to which the shear on a riveted joint is resisted by the hietion 


—— betwe een the plates depends upon n the tension in the riv vets. _ Laboratory tests 
show that carbon-steel rivets with a grip of 3 in. consistently have a tension of 
20,000 to 30, 000 lb per sq in. ~ _ The shear required to pr oduce slip betwe een 
plates clamped together by such h rivets is of the order of 20,000 to 25, 000 lb- 
_ of rivet section, a value considerably i in excess of the usual w orking 
stress for carbon-steel rivets. The tension in some low-alloy steel rivets with - 
a 3-in. grip varied considerably with individual rivets and was as low as 5,000 
to 10,000 Ib per sq in. for some.!5 The shear required to produce slip between 
_ the plates was correspondingly erratic and low. — In general, the tension in the 
rivet increased with the grip in both magnitude and uniformity, with a rs 
value somewhat less than the yield point ofthe steel 
_& A short, properly driven rivet will fill the rivet hole but probably w ill have . 


a low tension. * ‘Unless the end of a a long rivet is cooled before driving, c or = 


‘it is tapered, it probably will not fill the hole, but w ill have a high tension. 
A ‘Tivet that either fills the hole or has high tension w vill be satisfactory in 


service if the rivet retains its tension. et ae 
aa The limited number of fatigue tests that are available on this subject indi- | 
- aa that the rivets or bolts of a joint will have a much higher fatigue strength 
‘if the shear is resisted principally by the friction between the plates than if it 
is resisted principally by shear on the rivets or r bolts. - a 


_ This paper contains to the behavior of structural ‘members, 
4 which | have resulted from many years of. ‘experience in testing engineering 
- materials and structural members. _ The writer has assumed that the reader is 
familiar with the literature on the subject but, ina few instances, reference has 
been made sts that bore directly t upon the particular question being studied. 
_ The ideas of the writer, discussed in the body of the paper, may be sumn eel 
Bulan No. 810, Univ. of Bag: Bxperimont Station, Urbana, T1058, 


15 Bulletin No. 337, ibid., 1942. 
— 16 Bulletin No. 302, ibid., pp. = 63, and 64. 
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ductility, considered i in conjunction ‘geometrical ties of the 


(2) "The plastic that ‘the yield without an 
“aa increase ins stress enables the | steel to be fabricated and erected — 
without serious injury, permits redistribution of uneven localized “stresses, ‘and 
reduces the extent to which load stresses and ‘moderate « deformation stresses: 
are additive beyond the yield. point. — 7 Although stresses somewhat greater than 
the yield point may result at some portions of some sections of the members, 7 


they wi ill not reduce | load-« car rrying of the member appreciably 


cause buckling « or ofa compression 

tion at reduced sections of tension members. ‘additional information is is needed 
relative to the susceptibility. of structural steels to age embrittlement. subse- 
to plastic deformation. 


(4) Impact stresses are no more destructive than static stresses of the same © 
nes unless t the rate of strain exceeds the “limiting speed”’ of the material, 
— except for the possible e effect of impact fatigue, about which practically n nothing 
is known. — Additional information is needed relative to the “limiting speed” 
of structural steel at various temperatures ; and when fabricated into specimens 
_ with various geometrical characteristics. 
ae (5) Oxygen cutting and welding may be used in the fabrication of ‘steel 
structures, but only under the most careful and enlightened supervision. ae 
— (6) Fatigue failures are not likely to occur in riveted carbon-steel chords 
of trusses, or r other r members § subjected to relatively few re repetitions of the 7 
maximum design sven, provided that t the members contain no unusually severe 
"stress raisers. There has not been sufficient experience to justify a similar 
Statement relative to welded members of carbon steel or relative to either 
welded or riveted members of low-alloy steel Carbon- steel members subjected 
to a relatively large number of repetitions. of the design stress have failed in _ 
fatigue. Fatigue failures of similar details made of low-alloy steels may be 
expected. " - Additional fatigue tests of riveted and welded structural members 7 
of both carbon and low-alloy str structural steels are are needed. _Impact- -fatigue tests 
> are particularly needed. 
(2) A short, properly driven rivet will fill the rivet hole but probably » will ii 
have a low tension. — A long rivet, unless its end is cooled before driving, or 7 
unless it is tapered, will not fill the hole but will have a high tension. — JA rivet 


that either fills the hole or has high tension will be satisfactory in service if 


the e rivet retains its tension. 
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ORGANIZING FINANCING SEWAGE 
‘TREATMENT PROJECTS 


By SAMUEL A. GREELEY.* M. AM. Soc. CE 


Synopsis 


The creation of sewage treatment projects is limited, in this paper, ~ - 


organizations established for the single pt ose oe treatment having 


this limited objective. According to adm 


- 


ate; 
h Those which function a as an arm of the state; 
. Those which function : as an of a ‘municipal corporation; 


- 3 Those which a are created as s new independent, overlapping m mi 


ne 


corporations. 


A 


According to > geographical character, organizations are —y as local, 

“metropolitan, 0 or regional. The cause, creation, and administration of these 
special organisations are described with special reference to the Illinois Enabling 


of financing disposal px projects a are discussed with “special 


The fundamental con considerations | in the computation vale a charge for sewage - 


mn service relate to the three principal kinds | of sewage for which the 


service is rendered—sanitary or domestic sewage, storm water, and trade \ waste. + 
Methods of evaluating these services in terms of a rate of charge | 
reference to court decisions and commission rulings are saummaal 


organization and financing. . These function ns are governmental and 
= trends in the functions are influenced by motives and ideas ier 


Generar 
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‘than, and as w well as, those of the ‘Howev er, applica- 
tion of engineering a ywidiele and experiences to o the results ¢ of the o orgs anization | 

of sewage treatment pri ojects is useful and enlightening. A great variety of 
methods for acquiring and financing sewage treatment projects exist throughout 
the United States. Sanitary districts under the Illinois Enabling Act of 1917 
have been successful generally. There has been a trend toward the use 0 of 


: rev enue e bonds which is likely to — sir 


The meaning of the w ord ‘ ‘organization,” as used in 1 this paper, requires 
description. | Citizens may consider that they are organized for the 


a of sewage treatment projects when they hav e become incorporated into 


city, town, or village whose charter ] prov vides the n necessary procedure. Many 

sewage treatment projects have been under taken, financed, and oper: ated by 

this kind of or rganization. is This p paper, howev er, is limited to special organiza 

tions created for the one pur pose of sewage treatment and 1 having tl this limited — 

objective. ty Such special organizations have been created under enabling acts 

in many of the United States. s. They differ by having different administrative © 


powers, functions, and ‘procedures, by being different in ‘geographical 


th ‘general, special organizations for sewage treatment projects | fall into three 
classes of administrative procedures. One class comprises organ- 
izations created to function as an arm of the state. _ This class remains under 
the general onan of the state; its administrative officers are appointed l by the 
state; ditures are so controlled; and it 1 reports to the s state. 
Metropolitan District Commission of } snemgnunyeryna is an organization of this" 
_ type. A second class is one created as an arm of the city, ons, «* other. 
ae cor poration. This class functions under the « control of an existing 
municipal corporation and, in general, its administrative ¢ officers are appointed 7 
by the mayor, or or by the municipal governing | bodies w ho o also control the 
expenditures a and to Ww hom it reports. The Milwaukee Sew erage 
is an organization of this type. A third class is one created as a new, inde- 
pendent, overlapping municipal corporation. This class, once it has been 
created, functions independently of any other local corporations or governing 
boards. — Its administrative officers are either - appointed, or elected, but it 
~ controls | ‘its own expenditures and reports only to the public. _ Special organ- 
izations of this type are The Sanitary District of Chicago, the “Minneapolis-_ 
Saint Paul ul Sanitary D: District, and the Twenty-s six Sanitary Districts i in Illinois, 
which have been organized under the Enabling Act of 1917. 
3 The classification | of special | organizations, in accordance with their geo- 


- graphical character, includes local, metropolitan, and regional districts. — Local 


organizations are those having the s same boundary and area as an existing 

_ municipal corporation, such as the Buffalo Sewer Authority, the Gary Sanitary 

District, and the Sanitary District of Indianapolis. 

ae Metropolitan organizations are those comprising a large city, the ee: 
om municipalities, and, perhaps, some area of unincorporated land. Among these 
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’ are The ‘Sanitary | District of Chicago, the Metropolitan Sewerage Commission 
of Milwaukee County, and the Minneapolis-Saint Paul Sanitary District. 
Regional organizations are those comprising a large area, including a number | 
ot man municipalities, not necessarily contiguous, and often including a considerable 
amount. of county, tow: nship, or unincorporated area. _ There are relatively few 
regional organizations ; for sewage treatment projects. 2 Examples are as follows: A 
North Shore Sanitary District, Tllinois, W ashington Suburban Sanitary Dis- 


_ triets, pt ee Roe ads Sewerage Commission, Vi irginia, and Passaic 


Fie. ORGANIZATIONS: ARE A Crry, THE 
IUNICIPALITIES, AND, PerHAps, SomME AREA OF UNINCORPORATED LaNp. THE MINNEAPOLIS- 
“Sant (Mrnn.) SaniTary District 18 A METROPOLITAN ORGANIZATION OF THIS 


Type. “View CTION ON AN | EXTENSION OF OF THIS System 


The foregoing include only the principal kinds © of special organizations. 
In California, for instance, organization is effected ‘through ¢ contracts betw cn 


adjacent 1 municipal corporations. In some ca ases, ‘special boards or commissions 
have been created b by municipal governments to accomplish a specific | sewage 
ieee project. In 1925, the River Conservancy District Act was passed 
in Illinois for the special organization of areas co-extensive with the drainage — 

of rivers. In general, the trend in the organization of sewage 

Projects has been independent of other local governments. 
aad An major reason for the creation of special organizations has been to secure - 
taxing and financing powers additional to those permitted incorporated 


‘Municipalities by constitutional restrictions. ‘Thus, under the Illinois Enabling 


Act of 1917, the sanitary districts have separate powers to issue bonds and : 


Be 
a 
4 
| 


y taxes under the constitutional limitation « of the : state, i in » addition to those 
_ which can be levied | under the constitutional limit by the component cities, . 
towns, and villages. a Ins states with constitutional limitations, special enabling 
cannot give this additional power direct to an existing ‘municipality, 
‘Thus, a strong motive behind the creation of special organizations arises from 
the fact that they permit the undertaking of difficult, highly specialized, and 
‘relatively expensive projects. , The Tilinois 1917 7 Act provides administration | 
_ through the appointment, by the county - judge, of three trustees who serve 
for the nominal salary of $300 per year. _ This permits the responsibility to be 
~ centralized on competent and trusted citizens who have no other duties. Thus, 

. if special legislation is required i in any event to provide for financing the project, 
a public desire to secure a special organization also, more or less outside the 

routine political field, may be fulfilled. 
a Special organizations have been called sanitary districts, ‘sewerage com- 
missions, authorities, and joint ‘meetings. ‘The term “ district” is used 


in this paper. Most : Sanitary districts have power to finance, construct, and 


"operate sewage disposal projects, including intercepting sewers, pumping sta- 
4 tions, sewage treatment plants, : and 
OV 
a Table 1 shows the dates of the enabling acts | and of the creation of early 


4 sanitary dist districts. _ The first one (Item 1, Table 1) is the Boston Main Drainage, 
TABLE 1 —Dares oF Ear.y SPECIAL FOR 


Sewace Disposat Proyects 


Sanitary District of Chicago, Ill 1889 — 
North Metropolitan Sewerage District (Mass.).......... 1889 © 
South Metropolitan Sewerage District (Mass.).... . 1899 


Passaic (N. J.) Valley Sewerage . 4 il 


North Shore Sanitary District (Ill. 
Decatur, Il 


*s which was created by an 1 Act of the iit General Court in 1876. 
Acting under authority. of the 2 city council, the Mayor o of Boston petitioned the 

: Legislature, and obtained the desired authority i in an Act to. “empower the 
City of Boston to lay and maintain a main sewer, discharging at Moon Island 
in Boston Harbor * * sow The second is The Sanitary District of Chicago, 

triet taking } place the same 1e year. . The State of Tincis has had : a long and com- 
plete experience in the sdenihniiiion, of sewage treatment projects . The North 
‘Shore Sanitary District (Item 6, Table 1) was organized 1 in 1913, following an 
Enabling” ‘Act of | 1911. The first of the Illinois Sanitary Districts under the 
Enabling Act of 1917 was at Decatur. Thus, since 1889, Chicago : and the 
State of Illinois have had actual, experience 1 with the special organization of 
‘projects for sew ewage disposal. 56, Table ‘1, refers to the Passaic (N. J. 
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Valley Sewerage | Commission. The original enabling act of 1902 was declared y 


unconstitutional and the creation of the district \ was held in abeyance = 


ng ‘another act was passed in 1907. ~The project was finally consummated in 

1910. Table 2 lists s eleven st states in which sanitary districts have been 
knows, s, no other states” have tecoRD OF SPECIAL RGAN- 
on organized sanitary districts. it SEWAGE Drsposau 

ve should be noted, i in the first Prosects BY STATES 

4 
ct, | tion in the United States, with 4768027 
he atotal population of about four- 3 | 
teen million; 46% of the organ- 
n- ‘ited sanitary districts by num- 7 | New Jersey 1,594,366 
ed ber, and 36% by y population, Ono 

10 Wisconsin 
nd are in Illinois. ou Virginia 
Table 3 isa a brief ef summary of : 13 


the ‘progress a and present status —_— 


‘population served in 1940. +’ Ten county 

of sewage disposal i In & number — sewer districts, but no sewer works. ¢ 1933 population; 
of states, in the United States = 1941 population was estimated at 450,000. © 


as whole, and in the State 
of Illinois. _ Table 3(a) shows the number of sewage treatment plants and the 
approximate population served in all of the eleven states having sewage treat- 


- ment projects prior t to 1900. _ There \ were no sewage treatment plants i in any of 


— 


Ng: § 
or 
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TABLE 3.—Sratus oF oF SEWAGE TREATMENT Prior To 1900 IN 1940. 
>> 
Paton zo 19008 () As or 1940¢ 
No. 


Plants (No.) Population? ‘| Plants (No.) P Population?> 


ilinois 
3 Iowa _ 
| Kansas 
5 Massachusetts 
6 Nebraska 
6. j New Jersey 
9 Ohio 
e Rhode Island 
— 
tes | 
i ntire Uni ates 
, 
«From data compiled by Langdon Pearse, M. An Soe. E., ‘and his | staff, and from. other sources. 
al 6 ° Approximate population served. ¢ From U. S. Public Health Service and from other records. - 

D the other states. In these ¢ eleven states there were ° forty- -five sewage treatment 
plants with an n approximate population of 546, 000. of 1940 (Table 


the total estimated population in the United States served by sewage treat- 

“ment | projects has increased to about forty ‘million. 7 The population served i _- = 

‘the eleven states which had sewage e projects prior to 1900 amounts to nearly 
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SEWAGE TREATMENT FINANCE 
twenty -two million in 1 1940. Prior to 1900, the population served by sewage > 
_ treatment plants in Illinois was about 10% of the total so served in the United 
‘States, w whereas in 1940 it was about 24%. 
ART I. ORGAN {IZATION 
Special for sew sewage projects” usually have been 
- created because of the magnitude and difficulty of the project and i the need for 
special financing. Civie leaders have been prompted either to. initiate an 
enabling act, or to lead the community to avail itself of existing legislation. 
Therefore, sanitary districts are organized to obtain funds bey ond the statutory 
limitations of the municipality or component municipalities, and, in many cases, 


- to ) provide for a ¢ a continuing qualified personnel to administer and accomplish — 
the projec 


ATION AND CREATION 


In a general way , sanitary districts are created by enabling acts of the state 
legislative bodies. Such enabling acts are either ‘mandatory or permissive. 
Those which are sendehey: bring the district into existence with the en: abling 
act, or following: the appointment of of trustees or commissioners. the 
‘Tilinois Acts are permissive. The area to be organized must petition for a an 
; election to determine the question of organizing a district. This step, of course, 
‘takes careful account of the rights and prerogativ es of the small or poe 
"municipality and insures that the state does not usurp any of the local rights. 
a A recently created sanitation district, known as the Hampton Roads 
‘Sanitation Commission, in Virginia, isa 1 regional organiz: ation. . was created. 
by: an enabling act w hich provided for an election to determine the question of 
; 
- establishing the Commission. Upona a favorable election, the Commission came a 
into existence when the Governor appointed t the five Commissioners provided 
> 
by, the | Act. -Howev er, the local interests were still further protected by a 


‘provision in t the enabling act which permits any individual municipality within | 


the sanitary district to declare its intention of withdrawing within six months 7 
after | ‘the creation of the Commission. _ Such municipalities a as declare their 
_ intention to withdraw must, within the next following SIX- month period, show © 
to » the satisfaction of the State Board of Health and the Commission that they 7 
‘g have ‘taken the necessary steps: to finance, construct, and 1 operate | an acceptable — 
sew age disposal project . During Gente ‘0 six-month pe periods, the Commission 
cannot take steps to issue bonds. — Thus, in addition to the right to vote on 
‘the « creation of a sanitary -y district, the local communities are afforded an oppor-_ 
pes to decide whether they will proceed by themselves, or jointly within the 


sanitary district, 
ha a The trend is to continue to safeguard the rights, powers, and interests of _ 

‘The bender of the area to be organized is generally included in 1 the 


_ originating petition and fixed by the court or other public body hearing and = 
lines have been fixed by : 


consi 
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‘considerations of expediency, such as municipal corporation 1 limits, proper ty 
) lines, and the like. Some enabling acts Tequire a a competent preliminary engi- 
_ neering investigation and report, the: purpose of which is to assist the reviewing 
< in determining the area to be prmquaeel T here i is no such requiremen nt ol 


fixed and bonds issued and money gerd permanent constr uction, it i is diffi- 
cult to diminish the area of the district. _ It is easier to annex than to disannex. 
_ Amendments have been made to existing A Acts, providing for annexation or dis- 


of organization. W hen the of a district has 


In Illinois, is elected j in of The Sanitary 
‘District of Chicago, and is appointed by the county judge in all of the other 
. districts. The princips il question is the relative merit of election. ‘The size 
of the district and of the project is likely to have some bearing, but the trend 
seems to o be tow ard the appointment of the | board. The Hampton Roads 
; Sanitation Commission is composed of five members appointed by the gov vernor.. 
The Bu Buffalo (N. Y.) Sewer Authority, one of the recent large ‘special organiza- 

_ tions, comprises five members appointed by the 1 mayor. 

Another of interest relates to the of members of the 


two years fore a Six- year This i is a ‘very complex undertaking 
considerable time the Trustees. Therefore, they a are compensated 


| “now receives $300 The of the Buffalo ‘Sewer 
Authority receive no ‘compensation. 1 The Chairman of the ‘Hampton Roads 
‘Sanitation Commission, who is designated as a “full time member, "om may 
receive not more than $6,000 per year. | The other members receive a small com- 


pensation on. for attendance at meetings, not to exceed $300 in any one year. 


The trend is toward a relatively small compensation. 


™ 

-MeruHops oF FINANCING * 

a he sanitary ry d districts i in Illinois are empow ered to levy and collect taxes and 


to issue bonds upon favorable vote by: the people. - Amendments to > the 1917 


ments upon benefited for the construction of sewers. 


of the districts i in Illinois can establish and collect charges for sewage disposal 
service. The Buffalo’ Sewer Authority and the Hampton Roads Sanitation 
Commission are authorized to issue revenue bonds and, in fact, are limited to _ 
this method of raising money. The trend is to consider sewage disposal 
project as a utility, to be operated on a revenue basis. ‘ie inh 


The Illinois ‘sanitary. districts are. empowered to levy and ‘collect taxes 
soon as as they are organized. Although considerable time may elapse before tax 


- money comes in, it is possible for the board to issue tax anticipation warrants, — 
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or to borrow moderate | sums for administrative expenses. | . 

needed engineering and legal services can be engaged promptly. ° The Hampton 
Roads Sanitation Commission is limited in this regard by the provision that 

the appropriation made le by the State, except in the amount of $10,000, is not. 

available to them before. they are empow vered, by a an n election, to issue bonds, 

The Buffalo Sewer Authority had no means of securing funds until they issued - 

and sold revenue bonds, the first money being advanced by the Public W orks | 

Authority (PWA). Fortunately, however, they were able to use facilities 
- provided by the city. Administrative boards should not be so limited i in their 
7. early: available funds as to handicap the pr progress of completing the ‘project for 
Ww which they were created. 


Powers 


The powers granted sanitary districts are not ‘and are more or less" 
similar throughout the United States. The district is given power to ee 
‘engineers, lawyers, accountants, clerks, to build s operate structures, 


‘enforce rules regulations for the operation of the project. OA powe er, 


recently granted, is that of 1 receiving and using grants from the federal govern- 
ment. Many enabling acts permit the district to co ntract" with « other districts 
or municipalities for sewage disposal. 


anp R EGULATIONS 


Enabling acts, i in general, permit sanitary districts to adopt rules and regula- " 
tions for the use of the facilities which they provide, but do ‘not ordinarily give 
them police | pow ers. . This is ; understood to be true as s regards The Sanitary 
: ‘District of Chicago. The police power rests with the state. a The extent to 

sanitary districts can regulate | the use of their works has not been 
thoroughly tested, but, in general, the soundness of the rules and regulations 

has led to their acceptance by the public. — _ The importance of of such rules and : 
regulations : and their effect is obvious; for instance, it is important that sar sanitary 

= districts s have control over the construction of new sewers which, in turn, will” 

In recent years | few sa: sanitary districts have been organized — sewage dlis- 

posal projects. In Illinois, the most recent important sanitary ‘district wa: was 
that at Danville i in 1934. Since that time, only three small districts have been 

organized * Throughout the United States, there are relatively few new  organ- 7 


izations, the most recent being the Hampton Roads Sanitation Commission, — 


created in 1941, and, among large projects, the Buffalo Sewer Authority created — 
in 1935. Two reasons are (1) the availability of federal grants and (2) the F 
powers given to municipalities to issue revenue bonds. The experience in 
Illinois in the administration of sanitary districts under the 1917 Act has been 
27 good that this method of f procedure could well be extended to other parts 


of the United States. 
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‘The creat creation on and organization of sanitary districts in the various states and 


within each state vary in detail. A few illustrations are pertinent, as follows: 
-—@) The Passaic Valley Sewerage Commission is authorized to formulate | 
ain but cannot begin to create them until a prescribed number of munici- > 
palities a within the ¢ district have approved the undertakings and obligated them 
selves to furnish the necessary funds. 
a (b) The East Bay Municipal Utilities: District, in California, may y purchase : 
i or construct only revenue-producing utilities. . It cannot purchase or construct 
such utilities until their acquisition al been first approved by a samed 


the voters of the district. yew 


sewage disposal projects, as well as other ‘utilities, and may 
extend them into adjacent, territory outside of the district, wherever the 

; property owners agree to ‘such an extension. It may make and ‘an 
~ plumbing regulations and build sewer connections directly to houses. It is 
empowered to borrow + meney and to levy a tax or to make special assessments: 
‘and service charges. _ Appeals from assessments and service charges can be 

taken to the Maryland Public Service Commission. 

An outline | of t the items included in the Illinois Enabling Act of 1 1917 is 


(a) Taxes and borrowings through general obligation bonds; ea 


Funds contributed by constituent municipalities | within the district; 


The following methods of ieonden have been med by special organizations © 


Special assessments on benefited property; 
©. Appropriations by the state; 
Voluntary contributions; and 


OG f) Revenues from service charges and loans. secured | | by the rev revenues. 


As the trend in financing has been toward service ce charges and revenue bonds, 


the a ee in — part of the paper will be limited to that method. 


History oF REVENUE Bonps =. 
The use of revenue ue bonds and eats for sewage disposal service is not new, — 


ring been resorted to as early as 1890. However, there are relatively 7 
court decisions and rulings by regulatory commissions. From t the viewpoint — 
s general theory and the computation of rate structures, the application to 
sewage disposal projects is relatively undeveloped. There i is need for a broad 

review of experience, and a development and presentation of ‘procedures for 

. Among the early r rate structures are those © 4 

7 


> 


at Brockton, Mass., and ‘Spokane, _Wash., which were established = 
an and 1900. the collection of 


= 
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"3 ‘sewage disposal | charges and is a good illustration « of a sound rate structure, 
oe survey of the United States made toward the end of 1938 indicated that 
more than 600 municipalities in thirty-five states were using revenue bonds and _ 
YY the i income from sewage disposal charges : for financing such projects. — There i is : 
some confusion in reporting, classifying, and | comparing ‘these revenues. Inf 
- some cases, the rates are sufficient to produce a revenue to meet operating deg) 
ex expenses only, and in such cases the debt service is. paid by taxes from the may 


general fund. In other cases, the rates are sufficient to produce revenues 

sufficient for the entire annual cost of the project, including operation : and # and 

debt service and, in some cases, & reserve or revolving fund for current ex- Las 


tensions and replacements. —W henever rates are compared, the items covered B In. 
by the annual revenue should be stated. 


“Q ‘The power of municipalities to establish sewage disposal charg ‘ges comes from 

- special enabling acts or from sections in acts for establishing special organiza- 
7 tions. The various acts grant different powers as to the amount and use of 


4 revenue. instance, the Ohio law includes the following provision: 


The municipality may establish charges and equitable rates or ‘charges 


= f rents to be paid by those whose premises are sewered by a connection 


to the sewage disposal works, and these charges constitute a lien upon 
the property sewered by such a connection. The revenue shall be used 
for the payment of the cost of management, maintenance, operation and 
repair of the project, and any surplus in such fund may be used for en- 
_larging or replacing parts of the project and for the creation of a sinking 
fund for the payment of any debt incurred for the construction; it shall 


7 be used for the expansion of the system into unsewered areas. a 


Other ac acts provide that the revenues may be used not only for the expenses 
of operation and maintenance, but also to meet the debt service and to provide 


a reserve for improvements. 


‘The use use of revenue bonds received a considerable impetus. from the grants 

/ donated to municipalities by PW A. 7 During its active life, PWA | aided i in the 

construction of 1 ,524 sew age disposal projects, ;, of which 230 w ere e financed by. 

enue A brief summary of the sums involv lved follows: 


‘Iti is sof interest to note that about 104 4 municipalities i in Canada are reported 
s having established : sewage disposal charges. It is reported that some 200 
niniielgaiitien in Texas receive ‘Sewage disposal service from ‘Projects { financed 
by , revenue bonds, and there are a number in Massachusetts and New Jersey. 


Source of fund i. 
Loans secured by revenue ‘bonds ‘ 

Total $ 52,900, ,000 
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About: 26 municipalities i in Illinois have financed sew sew age disposal projects by a 


a bonds and service charges. 

Discussion OF TERMS 


ees of. sewage treatment, all of the included in the project, as 
may have been financed, and, in some cases, the construction of sew ers only. 
In short, it is a deiterse epee ean term deseribing projects in the field of s sewerage 

1e bonds. In some 


2 om te charges are referred to as sewer rentals? or sewer service charges. 
% 
— the w iter’ 8 opinion, the term “s term “sew age disposal charge” is the better term. 


F UNDAMENTAL ConsIDERATIONS 


7 _ general, there are three principal kinds of sew wage for which service. is 


rendered, as follows: 


‘Sanitary or ‘domestic sev sewage; 
Storm water (usually comprising the first part of the runoff); and 


Industrial sewage or trade waste. 


The structures to provide the service will include combined sev sewers or 
separate sew ers, and the service charge may be limited to a sewage disposal — 
project for : sanitary | or domestic sewage only, or for combined sewage. _ This i is. 
an important fundamental consideration. In some cases, industrial sew age 
may | be excluded, but, | in general, , much industrial sewage is discharged into’ 
the sy sy ystem. * Thus, in considering revenues and rates, the kind of a sewage 
— disposal project mi must be stated. . On this basis, the elements of use or ser vice 
are the following: 


(a) Treatment and disposal of sanitary or sewage; age; 
Handling and disposal of storm water; and — 
(c) Treatment and disposal of industrial sew age. 
The collection of these kinds of sewage may or may not be part of the 

project, but a consideration and comparison of rate schedules should take the © 

_ element of service and its cost into to consideration. In addition to the foregoing, 7 

the municipality must make ‘some provision for future growth | and future 
‘population, and this i is an element of service. = Assuming that | these are | the | 

proper elements of use or service, an effort should be made to measure them and 7 
toe evaluate or price the quantity « of the service. 7 quite general practice is to _ 
consider that sanitary or domestic sewage is reasonably ‘measured by the 
- quantity or use of water in the dwelling, exclusive, perhaps, of water used for 
lawn sprinkling, and discharged to the sewage disposal pre oject. "a ee 

Industrial sewa ages may affect the cost of providing sewage disposal ser service 

a, by their relatively greater strength, as compared with domestic sewage | They 

- one have a ‘relatively high oxygen ‘demand or chlorine demand; they may 
: contain large quantities of suspended solids and grease, difficult to handle; 


ror See ‘Sewer Rental Laws and Procedure,” Third Progress Report of of the Committee of the ‘Sanitary — 
Eng. Div., Proceedings, Am. Soc. C. E., Nov ember, 1942, p. 1585. 
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or or they maj may be discharged in batches, and not uniformly, throughout the 24 
hours. . Some industrial sewages may contain toxic or corrosive substances, 
Unless these additional elements of service and their cost | are covered i in nie 


amount of tony porn ond te revenue is not a proportion of the 
‘total, and adjustments can frequently be made by "special rates or agreements — 


with industries, in some cases providing | pr pretreatment or equalization structures 
= ie If the collecting sewers are combined, some (and occasionally much) of the 
oem water reaches the sewage disposal project. _ Capacity and treatment for 
this storm water must be provided and a part of | the e total annual cost 1 is thus 


required for. storm-water disposal. service is more 


a function of the 


lar a rger ‘quantity of ‘storm water to the sewers and | require a greater “sewer 
capacity, and to this extent a higher cost for disposal. . 4 Properties having n more 
impervious sul surface than « others | will discharge relatively greater quantities of 
§ storm water; sand ‘Properties ¢ of value, Ww vhere interruptions tot their use are costly, 
require a a more extensive and | expensive service. Thus, a area is indicated as a 
possible yardstick for measuring this service. _ The evaluation of this yard- 
stick, in terms of a sewage disposal charge or rate, § so far has been computed 
- from the assessed valuation, which gives some weight to the extent, area, and 
use v value of the property. _ Based on present experience, a charge, on au 
- basis of area and value, , appears to be reasonable and expedient. 
growth a and ka of the city Such additional ex expenditures and annual 
~ costs are made for the benefit and use of presently vacant activa and for an 
increased development and use of presently ¢ occupied property. — Property, 
‘therefore, is served by the s sewage e disposal project. Its use and value are 
protected and stabilized. _ This element of service may also be related to area, 
ain Thus, for combined systems in which the financial structure covers both 
_ storm and sanitary sew ers, a two-part rate is indicated. — One part of the rate 
4 might be based on the use of water and the other part on . the assessed valuation 
of property| within the area served, or to be served, by the project. Such a 
_two- “part rate has been in use at Buffalo for more - than three years and has 
-recently been under review by the courts in the case of Philadelphia. Further, 
to accomplish a reasonable and equitable rate structure, the ordinance should 


"provide for special charges, agreements, or considerations as regards — 


ay ‘The vy writer is not aware of ‘many court decisions related specifically to 
a sewage disposal projects. . early one is that of Carson versus Brockton © 
: Sewerage Commission, decided by the Supreme Judicial Court of Massachusetts 
@, on May 27, 1901. The principal contention of the petitioner was that, having 
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haan an assessment for the installation of the sewers, he could not be forced to. 


“pay ya special annual rental charge. _ The Court decided i in favor of the City, 
on the basis that a — on the of water or the 


sewage disposal s service is in part a usage and i in part a tax levy. 7 The we : 
charge brings in about 60% of the total annual revenue. Doe 

In 1 1942, there was a decision by the Court of Appeals of Richland County, 
“Ohio, in connection with Gatton versus City of Mansfield. The appellant 
I ed relief from the City for shutting off water furnished to her premises, 
med of her delinquency i in payment of sewer rentals. — . The Court sustained 
the City. the Supreme Court of has considered 


anak, and an equal to of the water rent. Avery 
complete argument \ was prepared by the city solicitor, which included references : 
and quotations from many pertinent: court decisions, a few of which relate quite A 
directly: to sewage disposal service of one kind or 


Ruunas 


oa There are a number of sewage disposal utilities in the United States “an 
are owned and = privately, most of them being i in 1 New Jersey and in in 


Texas. 4 


‘Lakewood Water Company. The rate approved by the con 
prised a service charge related to the size of the water meter, a consum ption 
charge related to the use of water, and a minimum charge. The service 

hone is understood to have been mainly for domestic s sewage and not for 
4 


are many y types of chedules for sewage disposal ‘among 
hich are the following: 


(a) A charge related to the water bill, which may | bea percentage of the ; 


=. or may be a separate graduated or uniform scale, related t 


OA flat rate per connection, eeeatinn to the class or k ‘kind of property. | 


The kind of rate structure best suited to o any community | depends up: upon its - 

“size e and whether the services are for sanitary or combined 


= what it covers, and other local factors. _ The | trend seems to be seamed 
rates or or charges related to the water consumption, with consideration being 
given to a two-part rate, where this i is feasible and appropriate, under the 
Enabling Act, to local al conditions. Dae 
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EXPERIENCE WITH SERVICE CHARGES 


A go good indication of the feasibility « of financing revenue bends by sewage 
- disposal charges i is the relation between the cash collected and the total amount 
of the individual bills. Experience in a the percentage of collections appears to 


T 4(a) is taken from the annual 


CENTAGE oF SEWER RENTALS “reports of Lima, Ohio (popv- 


AcruaLty CoLLEcTED lation i in 1940—44, 711). 
Experi ience Battle 
| Toran, Recetven Creek, Mich., indicates that 


dollars) eurrent arrears do not, in 

graced, exceed | 5% of ‘the 
@ Lima, Onto bills. 1936, bills 


totaled $52 2,821, ‘the 
| | | $4450, of 847%, 
34,427.09 34,308.29 99.7 experience eat Buffalo 


33,901.54 99. 4 
36,581. has also satisfactory. 


36, 511.83 101.3 
5,048.14 100.1 The sewage disposal charges 

were established to realize 
a total annual revenue of 


$1,500,000. The book record 


1,505,004 


™™ of operation i is as shown 


Nine-month period, Year June 30. in Table ‘The actual 


1,456,449 911 of revenue for the three fiscal 


1,485,932 


in excess of 93% of tl eure 


rent bills. — Some proportion of the arrears has been i in deferr ed panies by. 
adjacent tributary municipalities, with whom contract adjustments were 


pending . The general mpc with the a administration of sewage disposal 
charges has been satisfactory. — ‘There ‘seems also to have been a steady de- 


mand for revenue bonds so (anonry at reasonable interest rates—generally 


— = 


- _ ‘There has been a marked trend toward t the use e of revenue bonds ai and charges 
for or financing se sewage disposal projects. — Experience i in selling reven revenue bonds and 
collecting: revenue has been satisfactory. It. seems likely that this method of 
financing will continue and expand.» 7 There is need for a further clarification ‘ of 
the structure of rate schedules for sewage disposal service and a classification 


of present experience in 1 the light of fundamental considerations. oe 


APPENDIX. 


AMENDED 1919, 1923, 1927, 


 ‘Thest subjects of various sections, and brief comments on “An Act to. Crea , 
‘Sanitary D Districts and to Provide for sewage disposal,” are as 3 follows: : 
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more incorporated dim, towns, can construct maintain 
treatment plants, may be incorporated as a sanitary district under this Act in 


the manner following: lid 
le © Petition to county judge by 100 legal voters to submit to legal voters 7 
al question of whether territory shall be organized into sanitary 
County judge will then call two of the circuit court, and the 

three shall constitute a board of commissioners to consider 


at 


(c) A 20- day notice of a meeting of ‘Connsiieaionere shall be published; 
(d) After a meeting ‘and hearing, the Commissioners fix boundaries; and 


- (e) Finally, the case is. is decided by an election within 60 days aft after step bande 


ee must then take judicial notice a the existence of the sanitary 


y. 3. A board « of trustees, consisting of three > members, for the management, - 
es ie control, and government of the affairs and business of each sanitary district 
eo ; organized under this Act, shall be created in the following manner ST 

; (a) The county judge will appoint | trustees, who must be residents of the 
it NB _ Not more than two shall be appointed from one incor- 
os | | porated town, village, etc., and for terms of 1, 2, , and 3 years. a 
4 (b) (As added in 1919. ) T he county judge is given ae to fill any 
tr | . 4 (As amended in 1927.) The powers of the board are to manage an wie 
4 control all the affairs and the property of the district. 

5. Ordinances. 
Proof of ordinances. 

> @ The Board has power to provide for the collection and disposal of 
_ _ sewage and drainage, to maintain conduits, pipes, pumps, to con- 
7 : tract with other sanitary districts, and to treat and purify sewage— 
A 7 “provided, nothing | herein contained empowers the board to operate 
» > = a system of water w vorks for the p purpose of furnishing or delivering 
water to any municipality o or r the 
of 


from of Ww 


— additional construction, maintenance, and 0 


and above those covered by normal taxes. 


r by 


co 


| 
1741. 
741 

— 
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‘ (0) its duty 1s to provide sewers and treatment plant; a penalty 1s pro- ee 
| 
| (c), collar raste, the costs of fair 
ing ex 
perating expense, over 
orotherwise, ete, 
e _ 9. It may borrow, issue bonds, etc., but not to exceed 5% on the valuation = TZ 
of taxable property. The question must be submitted to a vote at an election. | a 
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10. It may impose a se a tax te to pa pay in indebtedness. 
11. Contracts must be let to lowest responsible bidders. 


(As amended i in 1927. ) taxes after an 


tion of taxes, ‘the of funds, ete. 
3. Sewers, channels, etc., may cross public pro per ty » with the approv al 
the governor. — 
14. The Board n may ‘contract for sewage from a a U. s. military post within. 
its bounds, 
} 16. Condemnation of of property h held for public use. 
. 17. Power to permit ; outside terr itory to use its drains, ete. an 
18. (As amended in 1919. Be Power to prevent pollution of water supply. 7 
19. (As added in 1923.) ) Power to construct drains, sewers, ‘pumping 
20. . (As s added i in 1923. b. Special assessments—annual installments. 
21. . (As a added in 1923. ) Bonds to anticipate ec collection of assessments. 
(22. (As. added in 1923.) Cost of acquiring private property to be included 
asse assessment, according to state local amendment act. 


Za 23. (As added in 1927. z Additional contiguous territory may be seal to 


sanitary district organized under this Act, as follows: 


_- (@ Petition by 10% of the legal voters of the addition to submit to legal 
voters of addition such proposal, taxpayers thereof to assume 
proportionate share of bonded indebtedness, provided no territory: 
disqualified in Section 1 of this Act is included. 
County judge to call all all the county judges in the ‘sanitary | district t and 
proposed addition, which body shall constitute a board of com- 
missioners to have power and authority to consider boundaries. 
OC) ‘Notice of and hearing as provided in Section 1 of this Act. aun | 
_(d) Trustees of district to accept by ordinance annexing the additional — 


(As added i in n 1927. ) Any. territory sry within boundaries of 
; district may become disconnected from such district in the following manner: 3 
Petition by 10% of legal voters of territory, seeking disconnection to submit 
"question to legal voters. County judges form commission. Such” territory 
must have no bonded indebtedness incurred w while it was a part of t the district 
which has 1 not been n paid up, nor any special assessments. Notices and hearin gs 
4 are practically the same as in Section 1 of this Act. 
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By E. R. SHEPARD, Bs. , AND REUBEN 
Assoc. AM. Soc. Cc. c.C. 


SYNOPSIS: 


seismic method of subsurface exploration Wi as used extensively by the 
Corps of Engineers, U. 8. Army my, , in preliminary : studies 0 of the St. . Lawrence _ 


River Project in in . the ; International | Rapids Section. A well- defined interface 7 


betw reen the glaciated rock and the o overlying till made possible the determina- 

of ‘the depth of overburden with satisfactory accuracy. Considerable 
cess was also attained i in determining changes i in the overburden. ¥ The program — 

‘included tests in both t and swift, water, for which apparatus ond 


ll hole ¢ data lata and | the general geology of the e region, the results aided in deter- 
: mining the ex extent and | depth of various deposits o of glacial till ar and other types 

of overburden a and also their condition of density an and compaction. — The ‘sub- 


_ aqueous tests. are e believed to bet unique for obtaining information of | the 1 type 


required for ‘this project. As the e results of the subaqueous exploration were 
satisfactory f for this project, the use of the seismic method s should be nena 


in future e investigations to include similar conditions. . 


INTRODUCTION 


in 1940 a program of subsurface investigations was inaugurated to 


btain | data for the design of structures for the St. Lawrence River Project by 


> the Corps of Engineers, | U. S. Army, with a district office at Massena, N. ¥. 
The project, extending a distance of approximately 45 miles, is located in what 


Nore.—Written comments are invited for immediate publication; to insure the 
discussion should be submitted by May 1, 1943. 
Senior Physicist, Corps of Engrs., U. 8. Army, Washington, D.C. 
+? Engr., Corps of Engrs., U.S. Army, ] Massena, zy. 2 


INEERS. 

SEISMIC SUBSURFACE EXPLORATION ON THE 

— 

1 

i 
- 
| 
t 

a 

3 xt 
— 


SUBSURFACE EXPLORATION 


is known as the International Rapids Section of the St. Law rence River. | . 


and hydraulic cuts, the problem, of. making 
assumed major proportions. Prior to (1940, sufficient studies and investigations 
had been made by the United States and Canadian g governments, and various 
- private companies, to determine ap general plan of the project and the a approxi- 
4 mate location of each element. ‘The data, however, were far short of those 
_ which would be required for determining the most feasible and economical loca-. . 
tions and designs for the various elements and for making cost — ¥ 


 joaen between the hard rock and the overb 

fair accuracy by | that method, and that some success might be achieved i in n de- 

termining changes i in the overburden. From the previous subsurface and geo- 
logical sury surveys, it was known that the e bedrock i in the region is of sedimentary 
origin, consisting mainly « of dolomite limestone. Glacial action had re- 


‘faults. The overburden consists of of variable | al till ap: 


pears in the form of elongated ridges at the surface and d deposits of clays, silts, | J 
and uniform sands in the valleys between the till ridges. 


_ The purpose of of the seismic program was twofold: (1) To guide the drilling 
program and thereby limit it to. obtaining n necessary and essential data; 


_ (2) to augment the drilling program with a large number 
areas where the required infor mat tion could be that | 


were projected. ‘tn Tests w were also made to obtain data betwe een dr ill holes. _ Con- 

siderable work wn done in the river channel as well as on land. At the Long 
Sault Dam site, seismic tests were made in very swift w water where drilling 


would have been exceptionally expensive ve and hazardous. 


Except during March and April, w when the ground was frozen, the explora- 
Ss were conducted almost continuously from November, 1940, to October, 
1941 . During this time 408 lines were re explor red on land, 38 in quiet \ water, and 
11 single-s shot deter minations were made in very § swift water. Of this. number 
300 lines W ere explored to obtain information for the layout and estimates es of 
canals, cuts, and channels. ‘The: seismic field party consisted of an instrument 
7 operator, one authorized dynamite 1 man, and six helpers. — . The field crew com- 


a pleted iune 2 to 6 lines per day. according to weather conditions and the a accessi- 
bility o of the locations. Film records were developed daily by a local cial 


Tazony Avpuican TION OF SEIsMic METHOD oF 
Principles 1 nvolved.—A comprehensive discussion of the principles involv ed 


- seismic exploration will not be given, as this subject is treated adequately i ina 
voluminous literature on the A brief description of the theory is 


available, particularly in the numerous areas where cuts, cha innels, and ¢ canals 


Extensive tests we ere made at sites where very little prior infort mation 
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necessary, however, if the significance of the data presented herein is to be 
‘understood. 


_ ‘Thes seismic ‘ie method of exploration i is based on the fact that the v 


elocity | of 

wave ] propagation in the earth’s crust differs | greatly i in different substances. 
Granular and plastic materials, such as sand, clay, and gravel, transmit wave 
“disturbances at velocities of roughly 800 to 8,000 ft p per sec, whereas rigid rock 
transmits § such disturbances at 10,000 to 20,000 ft per sec. _ This wide range in 
velocities in different kinds of soils and rocks is largely dependent on their 
elastic properties, a factor closely related to rigidity and hardness. 7 To what 


extent other physical properties, as moisture content, texture, compaction, void | 


“space, cementation, may be deter mined from mon 


— 


US 


we 


I= 


‘Fre. 1.—PorTABLE SEISMOGRAPH 


gineering projects consists sananead of one or more panei or geophones and | 
an oscillograph recorder. The detectors are connected electrically with the . 
oscillograph so that the time of arrival of a wave disturbance at each detector 


‘ 
a 
— 
— 
— 


is created by exploding 
a ape eset of oo in the ground at a known distance from the detectors, 
An electrical connection between the oscillograph and | the detonating circuit 
records the shot | instant. UA A time scale, , made by an electrically driven ming 
— 


— fork, is recorded on the oscillograph film. : The seismic apparatus used in this 
investigation, shown in Fig. 1, was of a ‘simple, portable type developed by | 
the Public Roads Administration. 
ce Application of Method. —With' the type of apparatus used on the St. Lawrence 
River Project the usual field procedure i is to place three detectors a on the ground 
_* a line, at intervals of 40 ft. Dynamite c charges 1 varying from 0.25 to 2.5 lb 
are buried to a depth of 3 ft and f fired successively and at increasing distances 
along the detector line, beginning at 10 ft from the center detector and extending 
the shooting distance by intervals of about 50 ft to such lengths as may be 
‘required. A maximum shooting distance | of t three to four t times the depth to 


= information i is desired is usually x necessary. WwW here possible. the seismic 


= ae depth of overburden. Although | these conditions are not re 
quired for interpretation of the data, more accurate interpretations can be made 


‘ifthey exist 
eG - From the film records, a sample of which is shown in Fig. 2, the time me of the 
first arrival of wave travel from each shot to each of the three detectors is is read 
and the results plotted i in the : form of a time-distance graph. Ina homogeneous 
- material the time-distance relation will be a straight line through the origin. 
This is evident from the fact | that in such a medium the velocity « of wave props 
gation i is constant, or the time of travel is proportional to the shooting distance. 
It is also evident that the reciprocal of the slope of such a graph is a measure of 
; When : a layer of homogeneous s« soil is underlain by one through which waves 
travel at a higher velocity, such as that designated as clay in Fig. 3 , there will 
be a critical distance, OF, for which the ti time « of travel through the e upper medium 
is just ‘equal to the time of travel over the longer path which penetrates t the 
lower medium. At this critical distance there will be a break in the time 
distance graph to a different slope, CD, which represents the velocity of) w wave 
q propagation i in the second medium. z In like manner, when the critical shooting 


_ OG, is passed, the first arrivals will be through the high-velocity rock 


and the , time-distance graph w will assume the meen DW, oni slope of which 
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N 

be dj determines the velocity in the - rock stratum. . From. the ordinates OA and AB 
'. — on the time axis and the velocities indicated by the slopes of the several elements — 


of t the —_ it is possible to calculate the thickness of each stratum of over- 


Time of Wave Arrival is 


1G. 3. FR FROM OvznsunvEn DEPTHS ARE 

of Overburden Depth by Two- Way Shooting.—In determining 

the t thickness of by the seismic method used on this project, it was 

* 1 necessary to measure the velocities of wave propagation in the several strata of , 

rhich the overburden is composed. Because of sloping interfaces between dif- 

- F ferent strata and also velocity irregularities in in the | upper soil, only apparent 7 

velocities are obtained from shots along one end of the seismic line. To obtain 

ma true velocities, therefore, it was necessary to shoot against the detector setup 

_ from opposite directions. The true velocities in the deeper strata were then 

" found by taking the harmonic mean of the respective apparent. velocities. 

£ 

k ‘When s shooting “up- dip’’ along a sloping interface the apparent velocity in the 
‘deeper medium i n is higher than the true velocity, and when shooting “down-dip” : 

aes velocity i is less than the true velocity. 7" 
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content, compaction, a: and other | physical properties of the soil immediately 
beneath the « detectors g give rise to simils ar Ww ‘might easily be inter- 
ratic and divergent data 
perio as a a result of such nations: it’ is wer a a careful analysis of all data 
“pertaining to a given area that errors of interpretation can be avoided. ~ Con- 
7 sider able experience, good judgment, a knowledge of overburden conditions as 
: 7 ‘they | exist in the field, and a thorough ‘iobedenling of the principles involved 
are required if satisfactory results are to be obtained by the seismic ae of 
explorati ation 
d After the velocities have b been determined the actual mistiilinen of the 
depths of the several ‘strata a1 are relatively simple. T The formulas by which 
depths are computed are given by Maurice Ewing, A. ‘Crary, H. M. 


- Rutherford. . These formulas in the forms most fr equently used are as follows: | 


3Vs V3 cos _ cos 
cos y3 
: 
in which (see Fig. 3): Hi, Fp, and i, = thicknesses of various us lay ayers; Vi, V2 
and wave velocities in corresponding layers; T:, and the time 
intercepts the Y-axis, OA, OB, ete.; a, B, an and angles 


sin a = , sin ==, sin =—, sin = sin Y2 = and 


= 2 


In some instances, s, par ticularly for two or or r three layer er forma mations, 


SULTS. or EXpLorations 0 on LAND 


yprcal Tr ime- Distance Graph ‘explora ation program on the St. Lawrence 


‘River Project included seismic detern minations in the r river channels as well as on 
land. The work on land was done in accordance with the aforementioned 


Studies in the Atlantic Coastal Plain,” Bulletin the Geophysical Society of America, 
- J ol. 48, June 1, 1937, pp. 753-802; see also ‘‘The Seismic Method of Exploration Applied to Construction — 
Projects, ” by E. R. Shepard, The Military Engineer, September-October, 19389. 


. ex oy of the Seismic Refraction Method of Subsurface Exploration to Flood Control Projects,” 
byE hepard and A. E. Wood, Technical Publication No. 1219, Am. Inst. of Mining and Metallurgical — 


= June, 1940. 
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eld analysis of data, typical time-c e-distance 


With three detectors spaced at 40-ft intervals along the shot line, three points 


on the ‘graph were obtained from each shot, : as s shown nin n Fig. vale Shots ah ahead of — 


Se 
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val (2bo 
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Arrival 
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: 

Back of Center| 
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200 250 


"300° 
Shooting Distance, in Feet 


Fig. 4.—TypicaL DISTANCE Graru 40 Fr APART) 


the center are shown by open characters, and shots back of the site are shown 
: by corresponding closed characters. - F rom a study of the graph it will be seen 


that for shooting ‘distances as great as 15 ft, first arriv vals were through the 
upper soil, in which the velocity w as 1,430 ft per sec. . For shooting distances | 
between 15 and 250 ft first arrivals were © through & compact material in w hich © 
the velocity was found to be 6,200 ft per sec. For shooting distances greater 
than 250 f t, ‘the arrival times were shorter by way of the deep rock than through 
7 the overburden. _ The apparent velocity in the rock, V., when shooting from 
: the “ahead” end of the line, or up-dip, is just twice as great as the apparent 
velocity, r. when shooting from the ‘“‘back’”’ end of the line, or down- dip. 
_ The true velocity in the rock, V,, was: determined by taking the harmonic mean : 
of the ap apparent vdediies and was found to be 16,400 ft per sec. 
The depth of overburden at the center of the line was as computed a as follow 1S, 
using the velocities previously determined and the approximate method for 
Eqs. 2 are employed. The is are computed as follows: 


= 95600 + 12,300 24,600 + 12,300 = 16, 400; 
0.925, Then: 
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Computation 
ki 6 X 1,430 
~ 400 x 0. 97 an 


One half the shot dep th = = ? 


q. 2b, the of till, He (ahead) = 


Bond to rock 
Similarly, since 


+ 84.9 
average depth to rock at the center 


of “upper soil 


‘Elev: ation, top of ground = 


"Elevation, top of rock =_ 
From thee computations it will be seen that the | depth of the upper- -soil layer, 


Ay i in which th the velocity « of wave propagation was 1,430 ft per sec, is 7.4 ft; T 
in this instance is the interval on the time axis between the origin n and its ‘point 
of intersection with the V2 V2 limb of the graph, or 1.6; He (ahead) « or the thickness 
of the glacial till under the “shead’ > end of the es wae found to be 89.5 ft; 
and T? in this case is the difference beeen the intercepts of V3 (ahead) and 
: ‘v. 2 on the time axis, or 5.34. _ Similarly, He for the back half of the line was 
found to be 77.5 ft. The total depths of overburden ahead and back are 96. 9 
84.9 ft, The at t the center i is to be the average 


receiving ‘point, po of which depth i is known. The recorded depth ete any 
— = was the average of the mean or normal depths so determined for the tw . 

ends of the line. - Because of the prevalent variation between the apparent : and- 

true velocities in most of the areas investigated, | it was believed unwise to. 


attempt to determine ‘slopes i in the rock surface from apparent velocities or to 
‘ predict multiple | rock elevations along a a . shooting line, ‘and only one rock 


et on each line has been recorded i in the final analysis of the e data. = 


recorded elevation was } designated as that at the center of the line. 

Determination of Overburden Conditions. —In most locations considerable 

_ success was attained i in classifying the overburden with respect to hardness and 


" where the characteristics of the overburden were , generally known n, the seismic 
4 data were useful in estimating the depths of individual strata. =: he seismic 
‘data have been used i in studies of overburden conditions at structure sites and 


1 where ¢ excavations will be made for p proposed hydraulic cuts and | navigation 


From ac a of drill records and seismic data over the er entire project, 


the of various types of overburden was determined. In 
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4 ‘the 2 areas investigated, velocities of 1 ,000 to 2,000 ft per sec generally indicated — 
_ very loose material; velocities of 3,500 ft to 5,000 ft per sec usually were indica 
tive of relatively soft material such as silt or clay; but in some instances ve- 
locities from 4,000 to 5,000 ft per sec did indicate fairly loose deposits of glacial 
till. Velocities i in excess of 5, 000 ft per sec usually indicated the presence of 


In 1a large p proportion of the test locations, two types or conditions ¢ of over- 
burden exist as shown in Fig. 4, On the till ridges, velocities. usually ranged _ 
from 1,000 to 2,000 ft per sec, to depths of from 5 to 8 ft. _ This z zone of loose 
7 material is indicated by the steep portion of the graph (Fig. 4) through the 
origin. Beneath this zone of loose material, the velocity usually changed to a 
much higher | value, the magnitude of which depended on the character of the 
‘material. Along the margin of the river and also in the bed of the river, over- 
burden of a single velocity was of often found. — some locations, three types of of 


- overburden we were found, as shown in Fig. 5: 


f Wave Arrival 


Sec ) 


Time 


sit 


x ~Clay 


Shooting Distenee, in Feet 


The soil profile as indicated by such graphs m may not always be recognized i in 
BE - drill logs or by visual inspection, as velocity characteristics are determined by 
» the depth of frost action, compantion, : and other factors which may not appear 7 
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- Failure to to Identify | Shallow Rock.—In _— section of the Point Rockway Canal 
area . difficulty was encountered in identifying, properly, the hard rock that is 


within a few feet of the gr ound st surface. In tl the analysis of the observed data, 


‘the: intermediate material (Va = = : 5, 000 ft per see), was believed to be clay | or 


tn, and indicated the | pene presence of a zone of seamed or fractured rock. 


_ Upon checking with the drill, relatively sound cores were obtained in t this zone, 


A comparatively low ve velocity of 5 5,000 ft per sec .¢ for shallow and fractured rock | 


‘is not uncommon in other formations but because of the unusually sound 
character of the rock previously encountered i in the St. Law rence River investi- 
gations, , this condition was not anticipated. The low velocity ‘was is probably 
the result of seams ms opened by frost action and the absence of a heavy overbur- 
den load. Under a heavy ¢ overburden it is believed that this rock would have 


To further investigate >and study this irregularity : found in the Point Rock- 
a way Canal, experimental seismic tests were made in the vicinity of the Northern 
Quarries near Norfolk, Me Ba 2 At th the quarries, where the rock face was ex- 
: posed, a a fractured and w seid zone could be seen to a . depth of several feet. 
| This rock was under: a shallow overburden and was of the ‘same origin as that 
in the Rockway Canal. The seismic tests adjacent to the quarries produced 
graphs very similar 1 to those obtained from the data in the canal ; and showed 
that, under some conditions of fracturing, V very shallow rock cannot alw ays be 
identified by the seismic method. 
Effect of Frozen Ground.—As early as the 
in the ground be began to affect results in some ena and by Febru ary 


Velocity 


77 


Effect of Frost in Ground 


| 


aa 


penetrated to a depth, i in areas unprotected by deep snow, as to interfere 
seriously with the. accuracy of interpretations. Accordingly, field work was 
suspended during March and April. As the velocity ' of wave propagation in 
frozen s¢ soil is much — than that in normal or unfrozen upper soil, this 
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7 —" le: leads rm uncertainties in the interpretation of seismic data. The 
effect of 6 in. of frozen ground i is shown in ‘Fig. 6. Velocities of 5,000 to 7,000 7 
ai per sec, values ¢ abnormally high’ for. upper soil, were obtained for shooting 


distances as great as 100 ft. — For longer ‘shooting distances the crust of frozen 7 
ground did not carry sufficient energy to register on the film. — Probable solu- 
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tions were developed for many of the lines affected by frost. Th these : 
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aa Tests in Quiet « or or Slowly y Moving Water—The need for information on the 

= and depth of overburden in areas of the river channel where the water - 

was quiet, or was movi ng slowly, called for the development of special equip- ‘ 

% ment and a revised field procedure for -under-water exploration. . One of the 
_ essential requirements in making seismic tests on the bed of a river or other ~ 


- bodies « of water is to ) provide m means for placing detectors and shots with reason- 
able accuracy at ; predetermined locations. ‘requirement is to water- 


lowered to the bed of the stream 


To place the shots and detectors accurately a float or marker line was con- _ 
structed by attaching wooden blocks at designated points on a rope approxi- - 

mately 600 ft long. © Measured from the center of the line, floats were attached — 
at the following points: 0, 10, 40, 80, 130, 180, a nd 230 ft ahead and 0, 25, 40, 
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‘SUBSURFACE EXPLORATION 
80, 130. 130, 180, and 1 230 230 ft back. ~The center float, and those at 40, ft on n either side 
of the center, , marked the detector positions, and the other blocks marked ak 
shot points as on a normal land line: we aa 
which information was desired. A heavy stone 
usually sewed for | this purpose. _ The line was then allowed to float downstream 
until it assumed a stable position. Where the current was not sufficient 
stretch the rope, both ends were e anchored after 1 ‘maneuvering the line into the 
desired position. 7 In some instances it was necessary to anchor the center of 
the line also to prevent a, drifting wit with the wind or current. ee Ww ere 


oil cans of 2-gal or 5-gal ned were found satisfactory for this a” 
_ Two methods were used to keep the detectors i in a vertical position on the 
bed of the stream. . For depths of water not in excess of 10 ft the mounting 
shown in Fig. 7 was used. Each detector was _ provided with a waterproof 
housing from a 10-in length of 3.5-in. pipe. The lower sr end was closed 
= a steel plate and the upper end with a cap c containing 2 a 34-in. pipe nipple. 
In assembling the sy: sy’ ystem the detector was placed in the ending and a pair of 


Cotton waste was around the sides detector and over r the 
a after which the leads were passed through the nipple and the cap tightly © 
- - screwed on. It is important, of course, that the detector rest firmly on the 

_ After stretching and anchoring the | the float line e the three detectors v were 2 set a at 
designated points. _ A pipe or rod was driven at each detector position and 

the detector assembly lashed to to it in a vertical me— . A boat containing the 
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9. TIME- -DISTANCE GrapH OBTAINED WITH THE Trirop Det DETECTOR 
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= 3 receiving apparatus was anchored about 50 ft from the center of the line and the 
three 2 pairs of detector leads used it in land work were connected to the auxiliary 
q leads. A rock was tied to a piece ace of flagging or or burlap to act as a sinker for the 


minated at the receiving instrument. e charge wen, then lowered to the 


charge, and the he cap v wires were spliced to the firing line, which, | in turn, ter- 
after which it was detonated as in land practice. 
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_ Where the water was more than 1 10 ft deep, the. detector, in n the § same water- 
proof housing a as that described, v was suspended from the : apex x of a heavy i iron 
tripod, as shown in Fig. 8. "After sealing the nipple against the entrance of 


water the entire aneeliie eae lowered to the bed of the river by a rope. - The 
‘detector assumed a vertical position irrespective of the configuration of the 


~ river bed. Although it did not rest directly on the bottom it received the 
shock from the explosion through the legs of the-tripod and the suspension wire. 
No difficulty was encountered in obtaining satisfactory records with either 


A typical graph ob obtained by -under-water exploration i is shown i in . Fig. 9, al 
depth to sound rock i in this case being H = —————__ = 33. 8 ft. ft, This is an 


excellent graph ‘and typical of most of those obtained in euten: or ‘slowly moving 

water. In fact, the results are considered more accurate than those obtained 

on land, since, due to erosion, the overburden was more uniform in character, 
~ and usually a a two-layer graph v was obtained. The main source of error com- — 

} pared with the procedure used on land is in the placement of the charges i in 

deep or moving water. 7 It was found that under these conditions, the e charge — 
might drift a considerable distance before reaching the bottom, and allowance 
had to be made for this effect. — Large « errors in the placement of the shot, espe- 
cially for the shorter shooting distances, will result in inaccurate time-distance : 

_ graphs. Fortunately, where allowances had to be made for the drift of the 

- charges, the overburden conditions were ere quite uniform so that the results from 
the shorter shooting distances were not needed for accurate interpretation. 5 

Tests in n Swift Water. —Seismic tests were made in the river channel area at —_ 

the Long Sault Dam site where swift water made drilling too expensive to be on 
included in the present program of exploration. _ The Long Sault Dam site is 
located at the foot of the Long Sault Rapids and the proposed dam site extends 
from the New York mainland to the head of Barnhart Island. Drillings, as 

_ shown in Fig. 10(a), were made on the shores of the mainland, on Barnhart and 

q Long Sault islands, in the south channel where floats could be used, and on the 


— 


‘shoal i in the middle of the channel. | ‘The information obtained by drilling w was 
very limited along the full extent of the axis of the dam. Soundings i in the 
‘Tiver channel made several years ago indicated that a rock | gorge might exist _ 
at the site, , especially | between the shoal and Barnhart Island. . As further drill- 
ing operations along ‘the proposed axis of the dam would require large floating 
equipment and would be very expensive, , seismic explorations were made wher- 
ever possible. It was found | impracticable | to make tests between the shoal and 7 
Barnhart Island where the velocity of the river is approximately 12 miles p per 
hr and Power er boats cannot be maneuvered satisfactorily. A limited number 
of tests were e made below the e shoal and in the vicinity of the : axis of the dam 


‘great. 7 Fig. 10(d) is is & a photograph ‘of the1 river, , taken from the New York ‘main- 
-Tand looking toward Barnhart Island, which shows the condition of the water — 

In undertaking seismic exploration i in the channel area it was realized that a : 


‘usual ual accuracy could not be ‘obtained and that the would | not 
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‘SUBSURFACE 
cover the area between the shoal and Barnhart Island. Nevertheless, it wa Ss 
~ believed that results could be obtained which would give tl the approximate eleva 

en and configuration of the bedrock in the area explored, and even indicate 
the trend of the rock floor in the unexplored area. As it was impossible to . 
place detectors on the river bed in excessively swift water, yi it was necessary to 


develop a a procedure different from that used in quiet w water. Ia 11 ee 


Water 


i 


Fig. 11.—ARRANGEMENT OF APPARATUS FOR DETERMINING DEPTH OF OVERBURDEN IN SwirT WATER 
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Surface 


the arrangement of apparatus used in these tests. A single detector and the 
oscillograph | recorder were placed on shore close to the region to be explored. 
The detector was placed near a drill hole or seismic line where the depth to rock 
was know n. The velocity in the adjacent overburden was deter mined i in a 
Single charges of dynamite were then placed with a float “a 


‘usual ‘manner. 
oat at at points « on the river bottom and fired as in land practice. _ 


| | x One group » of shots (S-3674 to S- 3680, inclusive) were placed and fired while 7 
A | the detector was at drill hole D-1059. The locations of these shots are e shown 
‘in Fig. 10(a). _ The firing line and a heavy sinker were attached to the charge 

| | which was then carried out in the river and dropped. The location of the 
| 


charge, when dropped, was determined by two observers with transits. If pos-- 
sible, s 


soundings were taken at the time of dropping the charge; otherwise the 


approximate elevation « of the river bottom was determined : from a map showing — 
the subaqueous contours in the vicinity. The application « of this method wa Ww as 
3 limited, owing to the « difficulty of handling the firing line i in swift water. - 
—_ Another group of single shots, 8-415 to S- 418, inclusive (also shown in Fig. _ 
10(a)) were placed and fired while the detector was on the shoal in the channel, ; 
120 ft from drill hole D-1364 and at the center of the line S- 414. The firing 
line and a heavy sinker were attached to the charge \ which was then placed on 
a float made of two oil drums lashed together. The float attached to a. cable 
was allowed to drift downstream with the current but was controlled by. awinch — 
"mounted on the shoal. _ To keep the firing line from fouling, it was threaded is 77 
through rings on the cable. . W hen the float was at the desired location, a . boat 
came alongside and the charge was released and dropped into the river. The a 
location of the e charge v was determined by observers on ‘shore. The float ' was 
then pulled 50 to 100 ft upstream and the shot fired. — _ The depth of the river 
at the location of the shot was determined by actual soundings or from the | 
showing the subaqueous contours, 
~The method of analyzing | the data obtained i in the swift w water at t the Long 
- Sault Dam site differed from the usual method of analysis as the knowns and © 


unknowns were different: and the necessary assumptions more radical. _Refer- 
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SUBSURFACE EXPLORATION 
_ ring to Fig. 12, the only information obtained from the film record was | the total 
time, 7, which elapsed from the shot instant to the arrival of the shock at the 
detector, D, Fig. ; | This total time T includes: t, the time of transit through 
the overburden at the shot S; b, the time o: of transit through the rock from B to C, 
‘Fig. and the time of through the overburden CD. The value T 
was on the time-distance coordinates at for distance vend 


6. 
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a Shooting Distance, in Feet 


Fie. 12.—ANALYsI8 OF OBSERVATIONS” FOR DEPTH OF OvE ERBURDEN IN Swirt WwW ATER 


of transit in in the rock. AS the. depth CD w wi yas known from boring and seismic 
records, , and the velocity, Vi, of wave propagation in the overburden from 
_ seismic tests on] land, it was possible to draw ‘line ON a as 8 ba, = time of transit in 


rer- 
: ‘burden SB. To > compute the ‘depth H, or SB, it was necessary ti to assume the 
game overburden ve velocity there as at CD. 
The results, as obtained from shooting in swift water, contain certain” 
‘probable inherent inaccuracies. _ ~The assumption that the velocities in 1 the 
overburden and rock i in the river channel are the same as those determined on 
the adjacent land could be in error. How ever, any error resulting from this 
- assumption will be only in proportion to velocity variations from place to place 
in the lpi media. A more likely source of er ror | is that i in obtaining the 


true value of 4. — - W here the depths to be measured are not great, the value of | 


t; is small i in comparison with T, and any errors in a determining te and ¢ will be 


carried into and m may ay seriously affect its. accuracy. Another source of error 
is in the > determination o of the shooting | distance. “Ww ith the velocity ratio of 
17,000 to 5 ,000 ft per sec for. r rock and overburden a as s shown, an error of 3.4 it 
in the shooting distance will result in a 1- -ft error in Hy. The accuracy in deter- 
mining the elevation of the rock also depends on the accuracy of the heeal 
but where attempts are made to measure shallow overburdens i in this manner 
indications may be entirely misleading. The data and of 


of the river bottom m. I For r large values of H, these errors are relatively small, | 
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limited in accuracy -as to the actual thickness of 1 the relatively shallow over- Dver= 


burden in the bed of the he river, ‘itis believed that the results are reliable as indi- Y 


cating the trend of the rock contours and in precluding ag the | possibility of a a deep 


gorge in the area 
CORRELATION OF SEISMIC AND DRILLING RESULTS © 
The correlation between seismic information and ‘drilling data has been 


thoroughly ange over the entire project. Table 1 contains the seismic 


fromdrill) 

hole to 
seismic 


Fi eleva- 

tion 


Long Sault D Dem. : { J 29.7 | 145.1 d 28.5 | 172. 5 
Long Sault Dam. 56.6 | 156.1 3.0 | 213. 1 
Long Sault Dam £ 212. 52. 160. 5 

Power house 142, 

Power house ‘ 133. 2 

New Cornwall Canal... 8 164.4 

Iroquois Dam... 6231.5 206. 5 

Grass River Lock 4, 109.7 

Robinson Bay Lock... . 134.5 

Ogden Island . 32.1 | 53. 179.1 

Rockway Canal 5 201.7 

Point Rockway Canal.. q 29.5 199.5 198.1 

Massena Canal Intake 


171.3 
206.9 | 200.5 
232.1 | 233.8 
206.4 | 205.4 
221.5 | 221.8 
197.5 | 198.6 
197.7 | 196.2 
201.9 | 208.1 
209.7, | 209.6 
232.6 
| 228.4 | 4.3 | 232.7 
176.6 | 172.4 3 | 255.7 
180.0 257.5 


Point Rockway Canal.. 
Point Rockway Canal. . 
Galop Island Channel. . 
Lalone Island Channel. 
Galop Island Channel. . 
Galop Island Channel. . 
Iroquois Dam 

Point Rockway Canal.. 


Point Rockway Canal..| D-1379 


POM Or: 
tw 


Point Rockway Canal..| D-1343 


Point Rockway Canal... D-1378 


Long Sault Island. ....| D-1391 
Long Sault Island D-1390 


and drilling data at all a drill hole w as. close te he 


7 center of a seismic line for a significant comparison to be made. In a few loca- 
a tions drill holes were spotted at or near the centers of seismic lines for the express 
_ purpose of checking the seismic predictions. — This is true for lines 203 and 246 


on Galop Island, lines 318, 320, 323, and 325 in the Rockway Canal area, and 
| line 412 on Long Sault Island. On Galop Island the checks were remarkably 
“close, being lftina depth. of 42.3 ft and 1.5 ftina. depth of 54.0 ft, respectively. 
: At line 412 there was & discrepancy of 11 ft in a total depth of 88.6 ft, which is 
- believed to be the result of ¢ @ very compact overburden condition immediately 
above the bedrock surface. Correlations in the Rockway Canal area were not 


- entirely si satisfactory, owing to the conditions a described. At line 
269, near the Massena Pow er Canal intake, there \ an ert in a 


DecomDer 

mie | Drill, 

«8-84 

8-158 | 

$-175 D-1283 
S-203 D-1110 
D-1102 

$-225 D-1109 — 

8320 | | 

8-325 

7 

| To top of fractured rock. top of sound rock. 

— 
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depth of 67.2 ft. iiiicn at this location to determine the depth of rock m more 
accurately was the result of an artificial fill of varying depth created by the 
‘dumping of spoil from the « excavation of the ] power canal. It should be noted 
that in all three of these locations, where the correlations me not satisfactory, 
‘the drillings w were ‘made to check apparent : inconsistencies in the seismic data. 
With the exception . of lines 269, 412, and a few of those in the Rockway ay - Canal 
area, the correlations 1 in! Table 1 are quite satisfactory | and indeed much better 
than obtained ordinarily i in geophysical explorations. 
_ The differences in depths of overburden, as determined by the two methods, 
are with few « exceptions within the limit of the relief in the rock surface. For 
the greater depths the differences are relatively small, while for the shallower 


-overburdens—such as at lines 89, 164, 175, 318, and 325—the actual differences, 

although only a few feet, may represent a large percentage of error. It should 

be e remembered, however, that i in all cases the drill record gives the depth of 

the overburden at one precise location, whereas the seismograph | records an 

average depth over a considerable rable length 


SIGNIFICANCE oF INVESTIGATIONS 


the se seismic method of exploration usually been considered 
primarily applicable for making preliminary or reconnaissance investigations 
and has not been used extensively for making more e detailed analyses. . Asa 
guide to drilling and for obtaining comparative e data it has been of considerable 
value on 1 alternate dam and spillw ay sites inv estigated by the U. 8S. Corps of 
Engineers. — - After a site for a structure has been definitely selected, it is cus- 
_ tomary to obtain detailed information by drilling. — _ On the St. Lawrence Riv er 
Project, the s seismic data have been used -more extensively. than is. generally 
feasible. _ All proposed cuts and channels were explored primarily by seismic | 
‘methods, a few drill holes having been added to. determine overburden. condi- 
tions and to verify seismic results where | bedrock occurred above or near excava- 
_tion grade. ‘The results have been used toa large. extent in fixing locations 


of ledge rock. were explored with a a small number of 


seismic lines to supplement the drilling program. — ana 
use seismic has enabled the design of. concret 


* ra ‘cons A total of 355 
‘satisfactory seismic determinations, and 47 “of fair ‘relisbility, were “made on 
_ Tomake ‘the same n number of rock elevation determina- 

tions by drilling, it cnt have been necessary to ‘o drill approximately 15,600 it. 
_ The cost of such drilling would have been about four times that of the seismic 
investigations, an amount too great to have been included in the exploration 
‘program. Also the cost of additional drilling in the channel at the Long Sault 
Dam site would have been prohibitive. Although seismic tests could not be 


- conducted over this entire swift-water ar area, the few results obtained were useful 
Seismic determinations are valuable depending up upon their : accuracy in 2 COM 


3 parison to ) that “es for the study of each feature. The accuracy, in turn, 
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December, 1942 SUBSUR RFACE E 
pews upon correct interpretation of the data obtained in the field . Reliabl 
results can be obtained only by an experienced interpreter who understands the 
geological and surface conditions a affecting the data. 7 In n general, the si subsurface — 
conditions were ideal for the seismic method and the results could be used with 
greater assurance, therefore, than in areas where conditions are more variable. _ 
The results of the seismic and drilling exploration were plotted on the various _ — 
site maps, after which 1 rock-s -surface contours were drawn. Although only one 
rock determination was computed for each line, the . graphs often could be used _ 


to indicate the direction of slope of the bedrock surface. The results of the 4 


determinations at Long Sault Dam site, although not considered as accurate 

as other measurements, definitely indicated that if a bedrock gorge does exist, 
it is confined to the narrow area between the shoal and Barnhart Island. 7 
. _ The results of the investigation were very useful in interpreting overburden 
conditions, particularly in the areas of channels, cuts, and canals. By correla- 
tion with drill-hole data and the general geology of the region, the results aided 
in determining the extent and depth o of various deposits of glacial till and other | 
types s of overburden and also their condition of density and compaction. _ 

a ‘Thes subaqueous te tests are believed to be unique for obtaining information of 


‘the type required for this project. Reliable results were » obtained where de- 


‘ed purposes | were obtained i in n part of the ume area at the Long Sault 
Dam site where the water is swift. 7 - As the results of subaqueous exploration — 
were satisfactory on this project, the use of the seismic method should be 
broadened in future investigations to include similar conditions. 
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PAPERS 


By KE wee H 


In the fall of 1939 the Vicksburg Engineer District was forced to construct 


a setback levee along the south bank of the Arkansas River near Pendleton, Ark. 
At one point the proposed levee, known as the Pendleton New Levee, cr 
‘Lake Lenox, a shallow body of water which was formerly the channel of the 


= by extremely soft clay at the lake crossing. of sections 
4 


required to insure stability. showed that the most economical procedure would 


ted 


* excellent t opportunity for se securing data concerning a foundation failure. 
Investigations of the foundation were made | to determine soil conditions and : 


to displace the clay. view of this fact, construction o of the levee presente 


icmmdline Va arious devices were installed in the foundation to observe 
‘movements, and hydrostatic and earth pressures. By means of such observa- _ 
tions, it was: thought that valuable much- “needed data eoneerning the 

“physics of the failure would be. obtained. 


along with s several analy ses of the failure vteainn these data. 


‘Frew AND LABORATORY Data 
~The ‘results « of the foundation explorations are shown i in Fi Fig. 


noted, foundation conditions were found to be as pane: ; 


(a) At thin, ‘noncontinuous s surface stratum of clay (not shox shown 


A stratum of fine sand, , from 4 ft to 9 ft thick; 


@ A relatively thick stratum of ine to coarse sand, underlying (c). 
The usual physical so soil tests were performed on. undisturbed samples of the 


r - soft clay. From consideration of the age of the deposit and the ined 


pre _ Nore.—Written comments are invited for immediate publication; to insure publication the last dis- 7 
cussion should be submitted by May 1,1943,. 
~ -1Lt. Col., Corps of Engrs., U. 8. Army, Camp Polk, La. 

2 Pres., Vicksburg Bridge Co., Vicksburg, Mi Miss. 
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1. As can be 


tion | characteristics of the material, , it was found that the foundation ma‘ material | 
was fully ¢ consolidated under its present overburden pressure. From the results" 


of conventional direct-shear tests of the “consolidated quick type, a value of 
cohesion of 0.04 ton per sq ft was obtained, as well as an angle of internal friction 7 
Original Ground Surface Levee Section at Time Bs 


FAILURE Papers 
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Shearin 


Strain in inches “Vertical Stress, i in Tons per Sq Ft 


Fre. 2 2.—SHEARING- STRENGTH CuRVES; SAMPLE FROM CLay STRATUM 


sal measurements s consisted of settlement mene 


_ Asa means of observing pore-water | pressures in n the foundation 7 con- 
struction, piezometers were installed in the underlying clay stratum at one 

cross section. 2 Details of the apparatus are shown i in Fig. sacilll oo 


— «(1764 640 De 

3 

| © Founpation Cross Section 

ee: : of 19° (see Fig. 2). With these data, stability computations were made 7 

cage determine the cross section that would produce failure for a height of apprc | 

| Vertical Stress, in Tons per Sq Ft, 4 

| 

Provisions for phy| — 

|, 

a were of the usual type (see Fig. 3(a)). Because of the short time available, the : * 

— only earth pressure cells which could be obtained were six Wilson cells. These — - 

: a _ are similar to the Goldbeck cell in that internal air pressure is increased until ag | 

balance with the external pressure is reached. Further details of the installa- 
— i 

— 4 
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Construction consisted first of the for mation of the base f he embankment, 


the material for which was hauled in by tractors and w agons ; and spread by 


Landside Toe Riverside Toe— <—PressureGage 
} 


"Copper Tubing “Embankment 


4.—Grnerat View or F 


‘bulldozers. pee the completion of the base, on January 15, 1939, a triangular - 
“section having a base width of about 320 ft and a total height of about 18 ft 
was then built. From this section a triangular section was built in 3-ft lifts as 
os On the night of F ebruary 14, 1940, , when the section had reached a height of | 
about 32 ft, the foundation failed. This faibure was to the side 


1 
. 

, q loth Sack Filled with Sand/ ? 2 

| 

= 


half a the er embankment and extended longitudinally for about 500 ft. Fig 4 
= a part of the embankment after failure. As can can be noted from. this 


Fig. 5, the following phenomena w were characteristic of 


the failure: 


After Failure 


Distance from Center Line, in Feet 


(Mean Gulf Level) 


Elevation, in Feet 


As 


A subsidence of 6 to 10 ft of that pat part of the embankment 
between the center line and points 50 to 70 ft land side of the center line ol 
_ subsidence left a trough- ‘shaped depression i in the embankment, in plan curving 

toward the land-side toe near the ends of the failure z zone); ee 

(0) A horizontal movement outward of the remainder of the land-si -side part 
of the embankment (approximately 10 ft); and 


(c) Ant upheaval, 4 to 5 ft high, just beyond the land- side toe. 
The “most significant physical data obtained were those concerning 


pressures. Readings of the e piezometer g: gages to the nearest 0.25 Ib per sq in 
were taken daily during the period of construction and to failure and bey ond, 
3 except on days when the site was inaccessible due to rains. Fig. 6 shows plots 
of several typical sets of p pore pressure data and corresponding loading diagrams. ns. 
_ Tobe be noted is the he correlation br between hydrostatic excess pressure e and structure 
; " pressure near the center line and the building up of hydrostatic excess pressure 
to values greater t than the pressure imposed by the structure near the toes (175 
ft from the center line). _ Fig. 7 contains hydrostatic excess pressure data for 
“all stations on the several dates indicated. = oy 
Notation” 


The letter ‘symbols this paper ‘essentially with anual of 
Engineering Practice No. 22. 


oF FAILURE 
In the study of of the e failure, plots, such as the one in Fig. 8, were made for 


each piezometer § station. — 4 Thus, at Station 1844 + 50, 100 ft to the land side, 
the original effective vertical stress (the overburden: load) was apparently 
decreased at piezometers 1 and 2 . The word ‘ “apparently” is used purposely — 
= the total stresses were estimated by use of the elastic theory and actual 


values may be different. i these effective stresses are used in the following 
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- a loss of strength is wy at all such locations where effective stresses 

decreased. Such decrease occurred at all stations near the toes of the structure 7 
near bottom of the stratum. (In Eq. 1: s = unit 
=e = total normal stress on the 


tit tt 


| 


Fra. 6.—HypRosratic Excrss 


plane o of failure; u = unit hydrostatic or pore water pressure; hdr true 
angle of internal friction of the soil.) Fig. 9 shows plots of shearing strength 
along the bottom of the clay stratum, estimated by use of Eq. : (The appar-— 


ent increase in strength on the river side between February 5 and February 14 

was caused by an unexplained decrease in the reading of piezometer 1, (100 f ft 

the river side at tl this station.) 
= To extend the analysis of the failure still further in the foregoing manner, : 

W herein shearing ‘strength i is expressed by Eq. 1, stability analyses by a modified 
circular are method were made of the land side of the levee—the side that failed. P 
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LEVEE FAILURE 

(See the Appendix for a deser iption of the modified circular are ‘method. ) 
These e analyses at several cross sections in the failure zone gave factors of safety 
on n the: day of failure 1 varying from 0.90 to 1.07. » The factor of safety at one lift 
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Fia. 7 —Sraverone ‘AND Excess Hyprosratic PRESSURES, STATION 1844 50 


Original Ground Surface and Ground Water Table 


Hydrostatic 
Excess ~" 


= 


4 


ae Fia. 8.— Hyprostatic Excess Pressures, 100 Fr on SIDE aT 
1844 + 50, Fepruary 14,1940 


before failure at Station 1843 | + 50 was 1.31; just prior to failure, 0.90; and the 


day after 0. ‘Thus t method appears reliable when the failure 


wr raver wre” 
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7 analyses together with values of shearing strength, as expressed by Eq. 1, and 
values of c and ¢, as determined by consolidated quick tests. 


| The —a. of the foregoing method of computation i is that the values of 


in ie cain of idea strength, slow test results must be used to deter- 
mine c-values and ¢-values. This belief is held because the slow test is run 


slowly to prev ent a build- -up of water str and thus the stresses 


a snamber of slow tests 1 is based on on effectiv e stresses a the consolidated a : 4 


7 a It was found that if estimated in the same manner as the land side, the river~ — 


‘side ‘should have failed sooner than the land side. - Unfortunately, the explora- — 


tion and testing programs were not extensive enough to provide sufficient data 7 
to. Ww this was due to grenter in parts of the r river- “side 


a factor of safety of approximately 1.0 only by accident—and that actually 

the method is not correct. Rane doubt, together w —_ the fact that c-values and 

@values 

suggests caution in other « cases; ; and also the great seal for continued study 0 at 

other failures and of the factors determining shearing strength. an, Oy 


‘one in which the pore pressure data have been used to the in 


distribution of total stresses rather than as a means of estimating effective 


: 7 The analysis i is based on the premise that the excess pore pressures w ere 
built up primarily by the increased stress or deformation caused by the applied ‘ 
load. As the’ failure data approached, some of the excess pore pressures 


no doubt caused by the remolding o of the clay.in areas where shearing stress 
exceeded strength. However, disregarding such a factor for the moment, it is - 
of interest to consider the pore pressures only as an indication of the change in in 
stress distribution which occurred; that is, from them to estimate total stresses ses 
on the day of failure. If this i is done then (see F igs. 10 and 11) at Station 1844 

- 50, on the 175-ft land side, where upheaval occurred, the total stresses on = 
the cross-hatched, rectangular s section (Fig. 11) pediegeal clay stratum prior to 7 


construction w ere, for practical | purposes: o, (average) = 0.38 ton per sq ft; and _ 
oz (av verage) = 0.34 ton per sq ft. (The assumption is made that oz = = 0.90 cy 
for pressure at. rest. ) Values i in Fig. 11 were computed from data in Fig. 10. 
From om the pore pressure data the increase in pore pressure was 0.35 ton per sq ft 
(average). a Considering this to mean an equal increase in oz, and that oy 
remained unchanged, since there is sand above and below the clay stratum, ge 
total stresses on the section on the day of failure were: oy = 0. Al ton per sq ft 


4a (there was an increase of applied load of 0.03 ton per sq ft); and o, = 0.37 + 0. 35 
0.72 ton per sqf ft. The maximum chasing stress, T for these Princi- 


— 

| total 

pty 
— 
ty 


Par 
on- 87 + 0.35) — 0. 41 th 


stresses is then: (max == @. 16 ton p er 

4a sqft. This shearing stress at felhenn checks quite well with the shearing str ength : 
a as indicated by the consolidated quick test data, since, for a normal pressure of | 


0. 38 (the original a: average e overburden pres pr essure for the section), the shear- 


Strength = 0. 197 Tons p per 


= 
; = T 
FEBRUARY 5, 1940 | |, | 
Total Shearing Strength Effective Vertical Stress 
=— 
> 
1. 
3 


Eff 


| NI | 


Riverside * Distance f from Center Line, in Feet 


ing strength is 0.17 ton per sq ft (see Fig. 2). Similar. computations for et | 
‘Tiver side also indicate a fairly close agreement of stress and ‘strength. — 3a 
- Another; interesting interpretation of the failure is that it was caused by the — 
building up of pore pressure in the clay ‘stratum near the to toes of the he structure to to 7 
values equal to or greater than the overburden pressure at that point. © Thus. : 


the upper piezometer located 175 ft on land side of the center line (Fig. 10), 
ad where upheaval occurred, indicated a hydrostatic excess pressure of 0.36 ton 
- a per sq ft on the day of failure. Computed vertical pressure, due to the natural ; 
=, overburden and structure, at the same ‘point and on the same date was 0. 35 ton 
‘per sq ft. It is pertinent to note that similar comparisons for the river r side 
- show that the hydrostatic excess pressure exceeded the pinta stress 
“prior to the date of actual failure. 
_ The natural question is how to “proceed i in - subsequent problems. | In an 
effort to indicate how an engineer - would proceed i in other problems, a stability _ 
analysis by the modified circular arc method for the slope and height attained 
was made, using the values of strength corresponding to original overburden — 
pressures and the consolidated quick test curve. Although this « computation 
gave a factor of safety of 1.3, failure occurred for that t cross st section. This may 
- be due to the fact that in eh as an analysis the e ene assumes ‘that all along 
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‘rials v vary in n strength- -deformation characteristics, the strain cnmmuaey to mobi- 
lize maximum strength will vary. © Failure will be progressive and in the upper > 
sections s such as segments 1A and 2A, Fig. 14, , Appendix, cracks may occur | prior 
to complete fa failure. These de decrease the he shearing ‘strength there. oF Hence it is 


Sq Ft 


ons per 


h, in Tons 
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Distance from Center Li Line, in Landside 

4 

or THE Cray Stratum; STATION 1844 50 
i 

normally impossible t to mobilize 1 maximum strength | at all points “at the same 

time. By referring to Fig. . 12(c) (Appendix), which shows the forces on a aslice 


= the embankment, it can be seen that, to maintain equilibrium, either shearing 


- be mobilized. For equilibrium a decrease or deficiency in one must be | balanced 
_ by an increase or sufficiency in the other. At Pendleton the o. o,-forces at the - 

— toes were built up to their limiting values when the factor of safety, estimated Pe 

on the original strength, equaled 1. 3. T Thus, the maximum strength along the — 

failure are was not mobilized at the time of failure. How much of this lack of a 

Maximum str strength is due to insufficient strain, or to failure and remolding of * 

the clay, cannot be determined from the available data. All that can be said is _ 
comm such lack of maximum strength did exist and is sprobably 
! 


‘The writers believe that this latter picture of the physics of ii teibee is the 
correct one. hs _ Thus, the visualization of the problem is one having two aspects. 

The first, in design, i is the use of strengths from quick tests and a factor of safety 
which will i insure that sufficient shearing ‘strength i is mobilized to prevent pres- 
sures at the toe sufficient to cause , upheaval. The factor of a to use would 
depend upon the materials involved, and their characteristics. — 
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Average Shearing Strength = 0.224 Tons per Sq Ft 
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control of construction, is the measurement of total pressures and pore pressures | 


preve ent upheav al at the toes. 


 Ofe course, more definite recommendations for future cases are desirable; but 

the shearing ies of clays is a subject on which 1 there is is much more 


Plastic 


al 


Elevation, in Feet (Mean Gulf Level) 
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Fre. 10. —Srrucrure Hyprosr ATIC ‘Pans Fr ON hate aT 1844 + 50 
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Level) 
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Elevation in Feet 


Distance from Center Line, in Feet 


—STaBILITY OF THE Tor Section, 175 Fr on on “THE at TATION 


+ 50, Fepruary 14, 1940 
(All Stresses in Tons Per Foot) 


to learn. | The trend of all ‘thought has been —| the belief that effective 
- stresses are a prime factor. To date, however, there have been few, if any, cases 
wherein the effect of effective stresses on shearing strength has been isolated. 
- Measurements of both | pore pressures : and total pressures must be accomplished 
do this. is believed that the Pendleton experiences will assist, in some 
“measure, the future studies of this most difficult | question. “Ss 
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MopiFIEp CrrcuLtar Arc MerHop 


‘The: Phe modified circular are method differs from the normal in regard 
‘to the resultant forces considered to be acting on the failure surfaces of 1 the slices. 


MODIFIED 
Fria. 12. —Comantson 0 OF ‘MopiFiep AND Normal (CincuLAR Arc 


- into which the sliding mass is divided. 7 In the normal method, the forces acting 
on the sides of the slices are neglected. since they are assumed to > be equal and 
opposite. - Actually, because of equilibrium requirements, “such an assumption 


means that the slice is considered 
to exert a force on the failure TABLE 1.—CHARACTERISTICS OF | 


surface which is the resultant of MATERIALS 
the w eight of the material 2. eee 
the slice and a balancing force 27 me 
acting parallel to the failure | Material per| (tons 
surface (see Fig 12). In the: 

modified method the force is Embankment material. . . 112 

considered to be the resultant of 4 96 
the weight of the material in the 

sic and a balancing | force act- 

ing horizontally. “Fig. 12(a) shows that in the Pendleton failure the movement 

the greater part of the sliding mass was horizontal. | 


The modified circular arc method is shown in greater 
Tables 1, 2, and 3. 3. The f forces, shown in Fig. ‘14, are: 


— @! The total weight of the segment Ww (sol plus water), known in magni- 
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TABLE 2.—VaLUES OF AND CG 

| soo | | | | a7 | | 
| 800 | 3,700 | 92 | 34,000 |° 92 | 037 | 740 fe 
3.800 3,800 17200 | 80 0.32 
2,100 2,150 8. 400 | 82 0.33 | 660 

8.2 16,4 3 | 0.33 660 
1,900 2,000 2 | 14400 | 83 | 0.33 

1,600 | 1750 | &. 300 4 
1,400 | 1,500 | 0.32 | 640° 

eft | Right | Average | 

8.4 42, | 8,400 
2.6 4 | 34.650 17,200 
262 | 2100 | 23,500 
99 | 792 — 
97 | 776 
97 | 680 
76 | 45.6 — 


Papers” 
(bd) The total cohesion, acting along the base of the slice, known 


e (the 
of this. force is to the sur face and its magnitude 
is determined from the hydrostatic pressure observations) ; re 


_ (d) The intergranular soil reaction , F, acting on the base of the slice aa 
direction of this force is at an obliquity of degrees with the normal to the 


The total normal stress, P; and 


“LEV EE FAILURE 


assumed failure surface); 
6 (f) The horizontal force, H, ‘Tequired either to maintain the slice i in equi- 


librium or to overcome the resistance of the slice to movement (its direction is _ 
assumed to be horizontal, as movement of the greater ‘portion of the sliding | 


th 

w 
in 


(a) FREE BODY DIAGRAM 


dimensions of the slice and the: soil tests. of ‘the siteriale composing the slice. 

*F orce (c) was determined from the plot of hydrostatic pressure distribution 

7 contained in Fig. 7. These forces were re plotted in magnitude and direction. 

as show nm in ‘Fig. 14. The direction of the soil reaction was then 


on the diagrams, and the the horizontal force to 


The factor of safety i is then defined as the ratio of the horizontal forces 
‘opposing motion to the unbalanced forces tending to cause motion. . This i is 
= comparable to the factor of safety as ordinarily defined ned (that is, the r ratio of 


pred 
= resisting forces to total driving forces), but isa ‘a more sensitive index of 


stability as unbalanced forces only are considered. 
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‘AERATION OF SPILLWAYS 


G. _HICKox," M. Am. Soc. CE 


— 


SyNopsis— 


| A method of computing the size of air vent needed for aeration on of  spillways, 


- based on all of the available data, is presented in this paper. — The effect of 
f jalan 9 aeration on the reduction of pressure beneath the nappe and on 


the ¢ discharge e is discussed. Formulas and diagrams for calculation of these 


4 are included 


the attention it result of insufficient aeration of 
overfall weirs is a reduction of pressure | beneath the /nappe due to the removal 
of air by the overfalling jet. . This reduction of | pressure in turn causes s several 
undesirable secondary effects. ‘The first is an increase of pressure difference © 
on the weir itself. _ The reduction of pressure on the downstream side may 
increase the resultant load on the structure to the point of failure. . In the 
4 ase of dam A, spillway discharge flows over a gate 20 ft high. This gate w as 

designed for a water load 20 ft over its crest, or 37,400 lb per ft of length. | 
During tests on the aeration of this spillway, negative pressures — under the © 
nappe of 9.7 ft of water were measured. _ This was equivalent to an additional 
a of | 12,100 lb per ft of length, or an increase of 32%. The significance of 
this increase in load becomes more apparent when it is noted that this was by 

ho means the maximum pressure reduction that could have been obtained by 

3 dosing the aeration vents completely. In this particular case, it represented | 


) ‘the maximum extra load which it was thought the gate could support with 


safety. 
The second effect is a change in the appearance of the nappe. Because 
«the i difference in pressure acts across the nappe itself, the nappe is depressed 
below: its normal position. In the case of large spillways, the vu upper ‘surface 
becomes ridged in the direction of flow and begins to entrain air instead of 


in 
being s smooth as for normal flow conditions. For thin nappes and considerable 
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‘SPILLWAY AERATION: 


‘As soon as t this occurs, the nappe springs back npn its normal position and te 
Bs of air exhaustion and breaking of the n nappe is repeated. ~ Depression 

of the nappe because of insufficient aeration is illustrated on a small scale 
‘model by Figs. and 1(6) and for a a large spillway by Fi 


(a) Derheree 0 Over Model (1 : 25 Scale) of Lower - (b) Discharge Over Model (1 : 25 Scale) of L : 
L Gate Leaf; No 


_=— 


‘in 
4 
j 
i 
Prototype: Gate at Left Aerated; 2-Ft Vacuum Under Na at Right 
— FXG, 1. —Dzpresston or TH Narra Because or INsvrrictENT AERATION, Dau A 


SPILLWAY AERATION : 1779 


If the is s fixed, the head i is 
- Reduction of pressure beneath a spillway nappe is also undesirable from. 
the standpoint of the performance of hydraulic models. _ Fig. 1(b) illustrates 
ay pressure reduction of about 1.5 ft in a 1: 25 scale model, or 37 ft in ‘the 
_ prototype; a result: which i is clearly not possible. In ‘some cases, the perform- a 
ance of a stilling basin 1 may be e completely altered because of the difference i in 
- the manner in which | the spillway discharge enters it, due entirely to le lack of 
gertion of the 
Where | a weir is to be used for ‘measuring purposes, lack of aeration results a 
in an i increased discharge, and : sometimes, as mentioned, a fluctuation or pul- 
sation of the n nappe, which may be very objectionable. 
There is a definite need for information on the effect of lack of aeration 
weirs. information necessary (a) to prevent excessive loads on 
spillway gates; (b) to insure the ‘Teliability of model te: tests, with respect both 
-to the pressure reduction to be e expected i in the prototype, ple the performance 
of the stilling basin; and (c) to provide a criterion for _ meommty & aeration 


‘The letter symbols used in this paper are defined where they fir first a 
. ‘the paper an and are assembled for reference in the Appendix. 


Data 
The of aeration became important with the construction of dam A. 

There are 
4 gates at this dam, each built in 
two sections 20 ft by 40 it, -oper- 

- ating in the same vertical plane. 

Discharge i is regulated by first lift- 

ing the upper leaves and allowing 
water to flow over the tops of 


a 


the low er ‘leaves. . The lower 
of the ] piers is such that self ~aera- 
tion is impossible and ae . 

were for dams B, C, 

Dd. d 


e 
L are ‘not raised until after all the 
leaves are open. The 

vents are necessary. ‘The same 


gate design and similar operation 
certain: conditions, water might Wag 


> A third result of the reduction of pressure beneath the nappe is an increase es 
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0.312 
0.198 | 0.312 
0.171 | 0.253 

0.304 | 0.61 
0.279 | 0.534 


O 


— 
Beer [Coste Peer: 
Test | 
Test 
Assoc. M. 4 7 
a | 0.306 351 0 
| 0.295 0.506 | .... 271 0 
6 | 0.306 0267 | | 208 | 0 
| 0.245 | 0.239 376 1157 
— +18 | 0.306 | 0.290 0.59 | .... |458 
0.306 "302 | 0.5 
— oso | .... | | | 
— 43 | 0:308 | 0.299 59 2 | oor | o. 
50 | 0.284 | 0. 1 vere 
51. | 0.284 0.279 0.46 | .... 260 | 0.0434 0.981 oui 
33 «| 0260 | 0. 5510.46 | .... — 
— 57 | 0.227 | 0.223 | 0.0009 | 0.990 | 
59 | 0.193 | 0. 297 | ...- | 60 
59 3} 0.191 | | 
60 | 0.193 
68 | 0. 0.196 | 0.313 | 0.990 | 0.0 
— — 


ecemoer, 
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‘UBIC FEE PER SECOND | 
/UBIC 


dy 


an) Data Reported By Joe W. Jounson, Assoc. M. Am. Soc. C. E. 


0.299 0.093 0.958 0.311 0.0774 
0.276 0.078 j 0.965 0.283 0.0801 
0.222¢| 0.371 | .... | 23 0.022 0.984 0.100 


0.185¢| 0.2 0.019 | 0.984 0.103 | 0.0299 | 0.291 
0.196 | 0.306 | .... 0176 985 0.0898 | 0. 0.301 
0.213 | 0.: 022: 106 0.0264 | 0.250 
0.246 | 0.441 | .... | 6: | 0.973 | 0.211 0.0284 | 0.134 
0.269 | 0.263 
0.292 | 0.282 
0.312 | 0.302 
0.290 | 0.282 
0.256 | 0.251¢ 


0.223 0.220¢ 
0.223 0.220¢ 
0.126 0.125¢ 
0.166 0.163¢ 
0.184 0.180¢ 


0.204 0.200¢ 
0.249 | 0.242¢ 
0.268 | 0.261¢ 
0.285 | 0.277¢ 
0.311 | 0.300¢ 
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0.0695 | 


12: 0.0645 
0.210 0.0632 
0.184 0.0751 
0. 195 0.0729 
0. | 0.0727 


0.202 
0.322 


0.0559 


0.0605 

0.0689 

‘| 0.101 

0.0333 

0.0417 

0.0378 

97: .166 0.0645 
0.0538. «Os 0.0560 0.0688 
988 | 0.0650 0.0988 | 


98 0.0424 0.153 
0.0686 985 | 0.085% 0.0822 
0.161 0.981 0.174 0.0708 
0.168 0.968 | O. 0.0666 
0.00174 0.00674 | 0.0256 


0.998 
0. 0.999 
0.0203 0.996 
—60.996 
0429 0.990 


0.0086 0.997 
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mt 


oot 


1.000 0.0133 

0.999 0.0219 

0.00663 | 0. 95 38 


4 
«1781 
3 
76 | 0.243 6.249 | 
0.812 
84 | 0.286 | 0.456 
| 0.226 | | 
87 
a1 
92 
94 
95 
= 0.0686 | 0.888 
| 0.364 170° 17 0.987, 0.0723| 0.757 
4 100° 0.234 110 0981 ot 0.544 
101° | 0.273 | .... |135 023 0. 
| 102 0.318 | .... |150 025 0.981 
| 0.605 072 0.966 im 
Ercut-Foor Werr In Hyprautic LaporaTtoRY — we 
1 | o967 | 0231 0.0375| 0.163 
| | 0.874 28s | 2.72 | | 0.0341} 0.101 
| 1.003 | 0.952) .... | 3.38 | 3.40 0.0361 | 0.133 
| 0.602 | 0.589] .... | 1.562 1.63 | 0.0701 «=| 0.979 | 0.119 | 0.469 
6 0.547 0.543 | 1.387 127] 
| 0.483 | 0.478] .... | 1.128 | 0.965] 268 
| 0.328 | 0.327] 0.636 | 0.682 3.0735 
| 1.060 0.970] .... | 3.68" 0.278 
| 0.813 | 0.787] .... | 2.45 09 278 
12 | 1.038 1.012] .... 10.03 
0.970 | 0.960] | 5.71 0.809 
| 0.676 | 0.668] .... 0 | 5.13 
16 | 0.434 | 0.430] .... | 0.962 | 3.32 0.962 
17 | 0.815 | 0.803| | 2.47 6.45 
18 | 0.942 | 0.924] 3.07 9.74 
| 1.012 | O.984| | 3.43_ | J9.94 — 
«| 0.258 0.258 | .... 1.03 
21 | 0.725 | o.724] .... 2.8 
i 21 0.725 0.0190 0.296 |1 
22 | 0.837 | 0.836] 3.6 0.306 
23 | 0.884 | 0.880] .... 9.3 0.0228 0.250 |1 — 
25 | 1.097 | 1.086] .... 6 .039: 0.2 
26 | 0.386 | 0.387] .... | 0.809 | 32.0 0.304 |31.2 
27 | 0.815 | 0.814) .... | 2.47 30.8 19.8 
28 | 0.942 | 0.942] .... | 3.07 | 38.6 11.1 
on 0.258 | 0.258| .... | 0.446 | 14.3 | 0.00171 | 


4 @ at i (4) Or i (7) 


0.860 0.130 


0.797 0.115 
0.698 | 0. 95 | | Oo. 0.0887 
0.605 | 0. hone 9) 0.0636 
0.498 | 0. 0.0316 
0.408 0.0298 
0.269 0.0390 
0.920 0.157 


0.983 0.197 

0.285 

0.224 
0.387 
0.390_ 
0.00675 
0.0199 


Se 
BHAI 


1.012 
0.258 
0. 395 
0.646 
0.822 
0.950 
1.038 
1.036 


0.929 | 0. teas 
1.036 | 0.944| | 0.728 


10) on Dam A 


2.21 0.970. 
0.990] 2.34 
2.58 | 0.775 
3.31 

5.00 

3.84 


3.38 

1.52 

7.32 

6.21 

4.83 

4.18 | 3. 
2.12 


© 


0.856 | 925 


869 1.49 
oo | 


Values of are in millionths, e: ‘except Table (c) which is in cubic feet per per second. Feet of water. 
¢ These values of Ho were not measured. _ They were computed with the assistance of the curve in Fig. 9. | 


laboratory tests were undertaken to supply the needed information. 
«Rg. 2 is a ‘schematic diagram showing the dimensions which were measured 


‘The only previous experimental data which could be found were t those 
ms _ to by J. W. Johnson,? Assoc. M. Am. Soc. C. E. . His experiments 
were performed on a weir 1 ft long under heads varying from 0.171 to 0.305 ft 

(see Table 1(a)). In tests 1 to 76 of Table 1(a), air was allowed to recirculate 

- beneath the nappe, giving rather uncertain values of g.. In tests 83 to 106, 

recirculation was prevented by a sloping baffle beneath the nappe. Mr. 


2 “The Aeration of Sharp-Crested Weirs,” by Joe W. Johnson, Civil Engineering, March, 1935, pp. 
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est 6 
No. 
— 
1) 11 
— ay 
EIR IN HYDRAULIC LABORATORY—Cont, 
— 
— a 
43 
— 0.632] .... | 1.74 | .... | 0.0712 79 | 0.112 
— a7 0.819] | 2.50 | | 0.0420 | 
0.940} .... | 3.11 | .... | 0.0604 | | 0.0642 | .... | .... 
— 
— 
— | 0.0401 | 0.236 
— 
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Johnson obtained » an expression for the quantity of a air requir ed per foot onl 
7 of weir as” 


—for 


heads gr vreater than 0.4 ft. In dime: of variation of the. at 


low heads, and the dimensional nature of the equations, it was thought ad- 


TABLE 2.—AERATION or A Two- yo-Foor, 


SHARP-CRESTED these equations to prs 


- (Various Gate Heights, Gate Opening y = 0) _ crests 40 ft long - and operating 7 


conducted a series of tests on a 
danger w weir to extend the range 
Gare 0.5 Fr of Mr. Johnson’s data. An 8- ft 
suppressed weir available at 
laboratory was fitted v with an 
arrangement for measuring the 
0.787 | air ‘required. Fig. 3 illustrates 
0.373 3.6 . 176_ 98 the apparatus. Full aeration 
0.762 8 170° 0760 | 3.41 “ip 
0.769 22: was obtained by ‘two 1. 5-in. 
01343 0.272 | 110 , placed one at each end 
— of the weir, as” 1s shown. _ These 
0 Fr pipes caused two openings about 
2 in. wide the entire height of 
the n nappe. WwW hen full aeration 
was not desired, the pipes were 
removed and the air admitted 
under the nappe we as measured 
by orifices 0.25 in., 0.5 in., , and 2 


in. in diameter on 


0.0102 0.544 
0.0176 | 0.331. 
q 
4 


0.0215 | 0.204 
0.0046 0.638 
0.0095 


for) 


was conducted under the nappe 
1.051 | 0.164 a duct placed in the 
0738 | head. The differential pressure 

on the orifice was measured with 
a tilting water manometer. The 

‘pressure under the nappe was 

not measured directly but was 

calculated as the pressure drop across the measuring orifice plus the pressure — 
drop through the connecting duct. The correction was negligible for ‘the | 


smaller orifices and was not large for the 2-in. orifice. A sloping baffle was 
_ provided below the w weir to eliminate the recirculation of air w — Mr. J ohnson 


4 


= 38s 


— 
7 
: 2 
heads less than 0.4 ft; and 
q 
) 
: 
— 
— 
5 
— 
— 
— 
— 
— 


found in his experiments. 
The head on the weir varied 
from 0.258 ft to 1.097 ft. 
The varied 


Wann : WITH GATE 
Fr — 
“4 Vee ble Ope 

dy | dy | % | doe] 


(11) 
@) y = 0.086 Fr 


4.92] 0.002 | 
51 =| 0.018 
0.006 
70.5 | 0.028 | 0.194 
49.8 | 0.014 0.216 


(6) y = 0.10 Fr 


0.996 


Test 
Test 


the water to. flow 


over the with the 
over completely ventilated. 
An accurate volumetric eali- 
bration | for this condition of 
flow was available. The air 
requir 
was then measured Ww with ma 
of the orifices. A few runs | 
were made with no air at all 
‘supplied under the n nappe. e. 
Air and water temperatures 39.2 0.0109 
120° | 0.0054 


were recorded. dats 362 | 0.0727 


0.447 


0.358 


"9.75 
215 


19.5 


0.0717 
0.0816 


0.334 


1.261 


4,22 


0.202 | 0. 152 
0.0289 
3.50} 0.0208 
2.98) 0.0151 
3.44} 0.0200 


47.8 | 0.0164 
| 0.0189 


0. 336 


given i in Table 10). y=0.50Fr 


7 In connection with the — 0.912 | 1.662 | 62.0 | 0.0272 | 0.283 
‘aeration requirements of dam 0.749 | 1.499 | 60.0 | 0.0225 | 0.356 


0.416 | 1.166 | 41.0 | 0.0131 | 0.606 2 
_D, additional tests were made 0.095 | 0.845 | 5.5 | 0.0003 | 2.51 | 794 


0.189 | 0.939 | .... | 0.0011 
0.888 | 1.638 | 168 7 0.0153 | 0.553 
0.481 


1.019 | 1.769 | 224 0.0271 


to determ of 
discharge beneath the 


as well as over it. A 2-ft 


weir, on W hich the head could | 


1.013 | 1.763 
0.886 | 1.636 
0.704 | 1.454 
0.441 | 1.191 
0.160 | 0.910 


5.00} 0.0384 
4.53) 0.0343 
4.29) 0.0319 

3.42) 0.0198 


0.0662 
0.0742 
0.0925 
0.149 
0.4 10 


_2.27| 0.0087 
raised to 4 w as s used 


the lower face “of the bulk- 
esd was sloped so that the 
‘happe fell on it. Three gates, 
0.5 0.5 ft, 1 0 ft, and 2.0 ft high, 
were used with openings be- 
neath them of 0, 0.1, 0.5, and 
4 0 ft. The head over the 
crest. varied from. 0. 095 ft. 
| 1.409 ft. The air re- 


quired was measured in the 


2 


385 0.080 | 0.822 


=09388 Fr 


1.011 | 1.978 | 542 0.139 | 0.502 3.65 
0.885 | 1.852 | 520 | 0.147 | 0.552 
0.666 | 1.633 | 470 | 0.120 | 0.734 
0.320 | 1.287| 15 | 0.024 | 0.406 


8 
189 
190 


same way as that for the 
tests 0 on the 8-ft weir. Dis- 


the calibrated 8-ft we eir. 


06 
99 
Tor 
Ww measured by 
*Fig. 


«95 


0.388 | 1.388 
0.197 | 1.197 
0.604 | 1.604 
0.777 | 1.777 
0.796 | 1.796 


~ 4.59] 0.0357 

1.86| 0.0059 
151 | 0.16 | 
199 | 0.24 
466 | 0.1109 


0.169 

0.333 
0.438 
0.345 
0.625 


4 In millionths of a cubic foot per second. > Feet of water. 


range indicated in the hgure. — 
q 
0.458 
14.4 | 0.156 
0 0200 
315|0974 
3.28 | 0.127 
0.262 | 15.7 | 0.127. 
0.324 | 13.6 | 0.163 
0.549 | 23.6 | 0.314 
0.841 | 99.3 | 0.215 
) 18.1 | 0646 
«63 | 2.04 | 1.021 
= 64 3.31 | 1.845 
7.54 | 747 
q 171 | 1.262 | 2.050] 81.0 | 0.702 | 0.104 | 0.187) 0.584 
173 | 1.362 | 2.150] 415 | 0.093 | 0.360 5.28 | 0.533 
| 176 | 0.348 | 1.136 | 53.4 | 0.021 | 0.733 | 
177 |0.271| 1.059} 46.7 |0.012 |1.01 | 228 | 421 
178 |0.310|1.098| 13.8 | 0.020 | 0.426 | 6.60 | 
179 | 0.618 | 1.406} 14.1 |0.040 | 0.181 | 2.80 | 
181 | 1.022/ 1.810} 28.4 | 0.075 | 0.132 | 1.80 | 0.752. 
183 | 1.268 | 2.056 | 4% 076 | 0.429 | 7.15 | 0.580 
184 | 1.110 | 1.898 | 4 56 | 0.490 | 9.80 | 0.680 
185 | 0.831 | 1.619 | 4 087 | 0.590 | 5.65 | 0.969 
186 | 0.597 | 1.385 6.14 | 148 — 
> 
5.85 
00 
— 184/487 

a 
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‘shows the ‘arrangement of the app aratus. Tables 2 to 5 


_ In addition to the laboratory tests, it was possible | to make observations _ 
of the actual air requirement of the dam A spillway. Fig. 5 shows the method 


TABLE 4. —AERATION OF A Two- Foor, ‘Each bay received air 


-Crestep WEIR WITH 1 GATE through two 16- ‘in. pipes 
1.0 Fr Hien whieh | terminated at their 


‘(Various Openings “upper ends i chamber at 
the down-stream face of the 


@ oO | ao) | ap vided so that the pressure 


(a) y =0.1 measured. The air ‘supplied 


7 was measured by placing 
5|2.185| 172 | 0.0160] 0.432 | 30.6 | 0.122 
0| 1.360 | 136 | 0.0128 | 0.500 36.0, orifice plates over the en- 


86.2 | 0.0056 | 1.17 | 80.5 | 0.500 
78.6 | 0.0038 to the chambers at 


8.44) 0.0182 | 0.306 | 3.68 | 1. end of the bay and seal- 
3.91] 0.0272] 0.114 | 2.38 | 0.297 

ing the pipes aerating the 
2:113| 3.31) 0. 3.46 | 0.133 adjacent bays. pressure 


2.289 : 0315 | 0.0525] 2.06 
2.292 | 0285 9.02 | ‘connection on the orifice 
> 


| 0.0170 | 0.494 0312 plate permitted the rate of 
2 air flow to be calculated from 
the pressure difference across 
the orifice. Fig. 6 shows the 


orifice plate and pressure con- 


nection. All pressures were 
‘measured by of water 


or mercury” 


bo 00 G0 bo 


168 1.37 & 


.0053 | 1.49 
-0208 | 0.671 | 
-0340 | 0.469 
.0608 | 0.335 

.0575 | 0.239 


we 


ocated on on the spillway deck 
The quantity of air Tequired 
and the reduction of pi pressure re | 


beneath the nappe_ were 
Fro for a given head 


WNWEN 


esses 


= 


the gate crest by changing | 
orifice plates. The crest 

of the weir was 40 ft long, 7 

the heads varied from 11.59 

ft to 19.04 ft, and the re- 

duction of pressure beneath 

the nappe from (0.53 ft to 


ft. Table 1(c) gives the 


2.180 0.135 | 0.715 


0090 
0619 


Air Air Required fa 


— 

; 

— 17 | 0.39 
1 
19 | 0.219 

10.821 
27 | 0.547 
— 
141 0.558 | 14.3 | 15 
4 [0.113] 1.363] fj ©. 33.5 | 15 

— 4 |0. J040 | 1.19 3 10 

01113 | 0417 | 0.500 | 11.3 | OR 

11 | 0.941 | 2.192 0323 | 0.640 | 14.8. 
12 | 0.743 | 1.993 120010904 | 1 
| 0.508 | 1.758 19.5 | 5 
| 0.239 | 1.489 | 
10.172 1.422 12.3, | 2 
47 | 0.383 | 1.633 
| 0.565 1.815 3 
2. 4.31 

105 | 0.680 36 | 0.619 
108 | 0.776 2.378 0.326 | 0.894 
| 0.601 | 2:1 0.0739 | 0.620 3.52 | 
0.408 | 1906 | | 
| 0.406 | 1.906) 6.55) 2} 0.10 
592 | | 0.312| 

| 29.6 | 0.0921 | 0.318 1.42 
per second. Feet of water. 
Aeration. —The quantity of air supplied | 
> nents except Mr. Johnson’s, 


| 


the field, was measured by sharp-edged circular orifices a and calculated by nd 
hydraulic f formula modified by the 


ham, For the case of dis- 
charge through an orifice from 5—AERATION OF A. ‘Two-Foor, 
the free atmosphere, the ‘Suarp-Crestep WEIR 


equation reduces to 2.0 Fr Hicat 


dt (ft 
| ela | 
12 
0.1: 
supply in cubic feet per sec- 
ond at atmospheric pressure; —_ 119 | 1.027] 3.077| 24.8 | 0.0296 0.155 | 5.38 | 1.68 


120 | 0.606 | 2.656] 23.3 | 0.0080] 0.355 | 26.9 | 3.46 
he - head on the orifice in feet ‘120 0.982 | 3.032 | 274° | 0.0130 | 0.662 50.0 1.78 


of water; A = area; g = ac- 


pounds per foot; We 
= unit weight of w ater; -_ 
B = = length of weir crest, 


in Mr. Johnson's 


(Table: 1(a)) was measured 

byt means of a capillary tube. 

vide range of the 


variables involved in the eXx- 


¢ In millionths of a cubic foot per second. 6 > Feet of water. 
to use a dimensionless form 


—_ that the relationship between pressure reduction, air required, and heed _ 
over the top > of the gate could be represented by plotting _— = 
5 


in which: = ‘the rate of air supply per foot foot length of crest, 


tion of | in feet of = = head over the top 
of the gate, corresponding to the pressure reduction p. The length of crest 
was eliminated by assuming that each foot of length of overfalling nappe was 
independent of « every y other foot of length and that the total air required was 
_ proportional to the length. Fig. 7 is a plot of these variables for all tests 
in which discharge « occurred only over the top of the gate. : It will be seen that | 


| 
| 
— 
7 131 |0.614| 2.861| 320 | 0.0283 | 0.945 | 20.5 | 1.76 
| 137 | 0.455] 2.705] 56.5 | 0.0040 | 0.873 | 99.3 | 2.68 
155 | 0.614|2.864| 24.0|0.059 | 0.215 | 2.24] 1:76 
| 156 | 0.627] 2.877] 23.2 | 0.056 | 0.209 | 2.34 | 1.71 
157 | 0.469/| 2.719} 14.4 | 0.027 0.267 4.64 2.57 q 
eet. | 0.330|2.580} 9.7 | 0.010 0.397 | 13.1 4.24 
159 | 0.330] 2.580] 10.2 | 0.011 | 0.397 | 11.9 | 4.24 
162 | 0.332] 2.582] 11.0 | 0.013 | 0.395 | 10.1 | 
163 | 0.423 | 2.673] 38.8 | 0.0106 | 0.610 | 24.4 277 
; 164 | 0.587 | 2.837 0.037 0.438 6.95 
165 | 0.580 | 2.830 69.5 | 0.049 | 0.405 | 4.80 | 1.90 
166 | 0.445| 2.695] 69.5 | 0.027 | 0.616 | 10.2 2.76 
167 |0.243|2.493| 49.3 | 0.007 | 1.33 | 46.1 | 6.60 a 
168 | 0.656|2.906| 92.8 | 0.048 | 0.742 | 10.15 | 1.60 
169 | 0.654 | 2.904| 89.7|0.056 | 0.398 | 4.65 | 161 
170 | 0.654| 2.904] 23.6 | 0.059 | 0.200 | 222] 161 
— 
ag 
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_ the results obtained with the different experimental arrangements agree with 


| 


ired was 


ifferen 


plot 


be es 


It was found that the results for the tests made with discharge beneath the 
gate could be represented satisfactorily by the dimensionless groups used for 
; discharge over the gate, as long as the ratio of discharge beneath the gate to 


discharge over the gate remained constant. Since it was difficult to measure 


— 

other within the limits of accuracy of the tests. It is particularly notice- 

a = able that Mr. Johnson’s data on a 1-ft weir fall on both sides of the points — 

4 _ obtained on the dam A spillway. _ The effect of the height of the overfalling 

Fig, 5 Servr, 40-Fr Warr, Dam 

— 

— nappe on the air requ tigated by comparing the tests made — 

with heights of gate on the weir. The tailwater elevation 

— . a depended on the discharge, but since the channel was wide, this did not vary | 

greatly. Fig. 8 is against ————_— for these data. 

No definite trend can tablished. Any variation due to the height of the 

nappe is masked by the uncertainties of the experimental data. 

— 

— 
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_ the two discharges separately with the experimental setup i al since sucl h- 
separation would be practically impossible in field installations, the ratio of 
discharges was ayer as follows: Let Q. and Qu be the discharge over 
and beneath the gate, respec- 

tively; ¢ then: > 


= Cy By y y 


CoB (H.)'*.. 


and the re ratio of discharges 


= 
Tf it may be. ‘assumed that 


and re are constant, the ratio 


This form has the advantage of. 
being composed of of terms w 
are easily measured. 

The ratio ¢ was ited 
for each test in which — 
beneath the gate occurred 
Tables 3° to 5). All the data 
then arranged groups Fie. Prats axp CONNECTION 
covering si small ranges: 
follows: 


Range of ¢ Average 


“FOR MEASURING AIR SuPpPLY at Dam A | 


041.2 
1.2-2.3 


* > 5 


The « data were plotted on separate sheets, using the groups PS pe pa HT, 


(qa)®-* 


line was drawn through each group. was found ‘that: slight ‘adjustments 


; would make all the lines evra with a slope of 0.45. Accordingly, 


the equa- 


y 

| 

| 

— 

A. 

| | 

asi 3 24 

for 

to 

ire 
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SPILLWA 
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tion of each line could be written . 


“eee Ci is a constant for each value of o. Fig. 9 shows the relation between 
and¢. The value of ™ increases rapidly for small values of g, but apparently 


AIR 
“EFFECT OF GATE HEIGHT 
— JANUARY 15, 1941 __ 


alues 1 ° f 
Fra. 8.—EFFEct or GATE Hercut ON THE AERATION OF WEIRS 


m value of 0.225 at ¢ = 2.5. Further increase in ¢ does not 


increase C. 


Eq. 8 may be s 


j 


q. 9 ) gives the quantity of of air required per | - foot of length | for a weir ir operating 
under specified conditions | of gate opening, head, and pressure reduction Leal 


Effect of Pressure Reduction on Discharge-—The reduction of pressure be- 
a eath the nappe increases the effective head on the weir and causes the dis- 
charge for a given head to be greater than would be the case if the nappe were 
~ fully aerated. - Similarly, for a given discharge, reduction in pressure decreases 
the measured head on the weir. The experimental data described in the 
preceding s section n provided a means of evaluating this effect. Fig. 10 is a ar plot 


of the ratios p/H. and H./H’. A smooth curve has been drawn a 
as been drawn through 


the nappe, can n be calculated from these data. Suppose that the weir 


discharge at H is Q and at a slightly larger head H’ ‘is Q'. By reducing the 


pressure under the nappe, it would be possible to produce the Py mA 
with the head H. The incres 


ree 
“ae 
| 
15 
{ 
| 
alt. 
— 
q 


Papers 


in discharge may be written as aA) 


gives the value of H./H ’ for any ralue of plHe . W ith this information it is 
a simple matter to calculate the 
increase in discharge. Fig. 10 also 
shows the per centage increase of 
discharge 1 in terms of p/Ho. — This 
curve is particularly useful in evalu- 
ating the effect of insufficient aera-— 


= on discharge where it is not 


APPLICATION OF RESULTS 
Calculation of Aeration V ent 
Required —Eq. 9 and ‘Fig. 9 give 
«Sufficient: information to determine 
the quantity of air 
maintain _ the pressure reduction 
beneath the nappe ata any y desired 
value. As an example, consider | a 
spillway gate 40 ft long) with water 
discharging ‘it under a head 
of 15 ft. Since there i is no discharge 
beneath the gate, c= 9 
shows that ¢ for r this condition i is 0.077. It will be assumed that it is desired 


to limit : the p pressure re reduction beneath en nappe to to a maximum of 2 ft. Eq. 


_ 9 gives the air requirement for these conditions as Qa 


The vent diameter required t to carry amount of sir “may be computed 
by, neglecting compressibility i is about 4% for a pressure r reduction of 5 ft. “In 
terms of diameter of “vent, this difference is negligible. In calculating the 
a flow of air, the effective head must be stated in terms of feet of air rather than @ 
- feet of w ater. The value of Pp as given must be multiplied by the ‘Tatio of the. a 
weight of water: to that of air. For : air at 70° F, this ratio is approxi 


mately 830. In the given, suppose that the most convenient method 


ne of dro op. may be with ¢ an pipe 


diameter, an air temperature of 70°. For these conditions, the 


1702 

the ratio of this increase to tl aerated discharge at head H_is 

v.10 

— 
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fa 
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"-pressure ¢ drop for the amount of air ‘requir ed is 


0.5; f= 


0.02 X 31 


of the diameter and the pressure is "proportional to ‘Then 
‘the diameter is D = x ta 1 .09 
There is a relation between the san diameter and the other variable factors 
‘|G which may be found by writing the equation for discharge through the vent 


Pre 


in which C’ is a coefficient that combines the entrance, head, a 


Bolving for ga and to Kq. | 9, ‘it is to solve for D: 


NU 
: 
Eq. 12 indicates that the diameter of vent required varies es directly with 
the: square root of the crest length, with the 1.82 power of the head on the 
7 crest, and inversely with the 0. 82 power of the e pressure reduction. — (It will 
be noted in Eqs. 11 and 12 that since da has been ¢ given dimensions of cubic 
‘feet per second, B must be considered as dimensionless. ) WwW ith this nage 
ship established, it is necessary to go through the foregoing calculations only 
for any particular weir or gate installation. The vent diameter required 
for any reasonable variations can be determined from Eq. (12. In the ex- | 
“a ample, suppose 1 the crest length were 50 ft, the head 20 ft, and the allow able ‘ E 
a _ reduction of pressure 3 ft. The diameter « of vent required would then be 


q The procedure | for the case in w hich water discharges beneath the gate as 


well as over it is very ‘similar. The only. difference is that the value of ¢ is s not 
Me zero. In the first example, engpen the that the gate were 20 ft high and lifted — 


«6 ft, the elevation of the headwater remaining mes same. Then H, w would be 
oft 9 ft, y would would b be 6 ft, and .26. The ‘corr respond 


in which: —=<- 0.02; C, = 0.5; and V = = 222. 
P= 33 2.85 ft. 
a 
— —— 
— losses. 
ii 
— 
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—= = 18.1 cu sec per ft of length or 724 cu cu ft 
sec for the entire gate. _ If the same method of venting is used as in the first 
example, the vent diameter required i is 2.17 ft. This condition should always 
be investigated where there is a possibility of its existence. e _ The reduction of 
pressure which would be developed - w vith the 1.09-ft vent can be found by - 
rewriting Eq. 12 in terms of pressure 7 


=o” 


1 22 
aii which p = 2 = 4.63 ft of water, Ww hich is more than dedile 
the allowable reduction of 2 ft. 
_ Care should be taken to see that Eqs. 12 a are used only i in cases — 


a _ where the value of C is constant as this is a essary condition | of their 


Caleulation for Aeration —Referring ag: again to the 


8,000 cu ‘ft p per r sec. ‘The 2 ratio 7- = = 0.133. Fig. 10 shows that the 

7 corresponding increase in discharge is 2%, or 160 cu ft per sec, making the 


total discharge 8,160 cu ft per sec for these conditions. = , 


, The data available are not sufficient to determine the increase in discharge 


when water is flowi ing both over and beneath the gate. a 7 


_ All of he available data on aeration of spillways have been collected and 


from model tests ‘that the for a 


soutien, vents The groups do not reflect the 
effect of height of fall or angle of impact of overfalling n nappe on spillway | _— 

_ or tailwater, although these factors would seem to be involved. N evertheless, 
the agreement between small spillways 1 ft long at a head of 0.4 ft and a ieee 
spill ray 40 ft long at a head of f 19 ft is close enough for design purposes. ai 

An interesting and useful by- -product of the investigation v was the effect a 
of reduction of pressure beneath the nappe on the relation between head and — 


— 
hoped that the discussion will bring out other data that wil ill either 


support or the results presented. 


Noration 


The following letter symbols, used in this paper, conform essentially a 
"American Standard Letter Symbols for Hydraulics, prepared by a Committee 


| 

-61 — 

| 

) 

| 

le 

as 


‘American 5 tandards Association, with Society representation 


approved by the Association in 1942:3 _ 
= area, in square feet; 


= of weir crest, in 


(see Eq. 8); 


= coefficient of loss; 


losses ; 
Eq. 
= - diameter of pipe, in feet; 


py infect; 
= head on the center of the opening below the gate, corresponding 
to a pressure reduction p, in feet; 
= head over tl the top of tl the gate f for full aeration, in feet; : 
head on the orifice, i in feet of w sal _— 


= length of pipe, in feet; ee 
- reduction of pressure beneath the nappe, in 1 feet of w vater; 
= discharge over a fully aerated weir at head H, in cubic feet per 


seconds 


= discharge over the top « of the gate, in cubie feet per § seen; 
: discharge beneath the gate, in cubic feet per second; ioe 


= discharge over a fully aerated weir at the head H’, in cubic feet 


pare 


= discharge per. unit width of weir, in cubic feet per second; — 


da = rate of air supply per foot. length o of crest, Q./B, in cubic feet per. 


qo = discharge « over r the top of the gate per foot ler length + “om Qo/B 


in cubic feet p per second; 
" ¥ = mean velocity, 1 in feet per second; 


5 Wa = unit weight o of air, in _— per cubic foot; 
7 Wy = unit we ight of eaten, in pounds s per ¢ cubic bie foots 
ye = height of the opening below the gate, in feet; enneieaitite 
= group defined by Eq. 4a; 


=a ratio y Vy = discharges | Qu/Qo. 
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| 

eae -g = acceleration of gravity, in feet per second?; 

= head on the weir, in feet; 
H =headonthe weir, infeet; 

— 
Tr 
7 
— 
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Discussion 


B. PECK, JU N. Al 1. Soc. 


B. Peck,’ Jun. ite c. E. E.—The results of a type of “field 
test. whose importance cannot be ov erestimated i in the field of soil mechanics 7 
“are presented in this paper. The ability. to recognize the possibility for 
ve aluable observations in the circumstances ‘surrounding the construction of 
the new levee, and to make the observations, i is to be commended greatly. 

A feature that would have greatly | enhanced the value of the investi ic 

is a more adequate foundation exploration. B Inasmuch as the failure occurred 
a an essentially horizontal surface, the presence of a single lens _ or stratum 


of weak material, even if ‘only a few inches thick, might have ve conditioned 
a the entire failure. Such a foundation detail could easily have been responsible 
for t the land-side failure of the structure when water- -pressure measurements 
suggested the greater likelihood of a river-side failure. An adequate. foundation 
exploration might reasonably i include a large number of f test: / borings” from 
pe cary ‘continuous clay « cores could be obtained without excessive disturbance. | 
7 The entire vertical length of each core should be examined for the possible 7 
2 weak zones by means of laboratory tests, preferably ‘unconfined compressive 
strength determinations on every” sample. . After sufficient tests had a 
lished a statistical relationship between the compressive strength and some 


a pr operty, such as the natural \ water content, some reduction i in com- 


‘an a foundation properly st studied. ‘The important goal is the sta- 
tistical picture e of the variability of the strength: of the deposit. In this con-_ 
nection, simple tests of many samples are of far greater value than ther most 
daborate investigation of a few s samples. 
One of the most interesting features of | results of the investigation is 
the fact that the e total measured i increase in hydrostatic | pressure | in the clay 
foundation layer wa was appreciably greater than the added weight of the em- 


5 = bankment. The authors have taken this fact as an indication that the shearing 


_ Norgs.—This paper by Kenneth E. Fields and William L. ‘Wells, Assoc. vos Am. Soe. C. E. 7 
appears on pp. 1763-1776 of this issue of Proceedings. 


Research Asst. Prof., Soil Mechanics, Univ. of Illinois, Urbana, 
3a by the Secretary October 26,1942, 


EERS 

CRIT TDG. 

FAILURE 
: 
- 

* 

| 

| 
| = 

| 

— 


resistance of the clay decreased as the embankment was constructed. T heir 

4 computations even indicate that at certain critical points the effective ‘angle 
of shearing resistance of the clay was reduced to 0° 1.4 This result is in agreement 
rs with the results of earth-pressure measurements against the temporary bracing 

of open ‘cuts and against the temporary lining of tunnels constructed in Chicago 

: (Til. ) clays 1 for the subway. — In these cases tl the field evidence for an an inconse- 
-quential angle of shearing resistance | is 3 very ry strong. The shearing resistance 
in the field Was in close agreement with the laboratory results on simple, 
oe unconfined compression tests. Fu Furthermore, the mobilization of that part of 
the shearing r resistance which “was “effective, and the simultaneous loss of 
frictional resistance, occurred at a relatively small strain. This amount of 

strain appeared to | be so small i in the ‘ase of the Chicago open cuts that it 


the development a Tt is possible ‘that the term 

“remolding” is too extreme to | describe this phenomenon. 7 The best so- -called 

“undisturbed” samples have probably experienced greater strains in the 

‘sampling p process. 

In spite of the aforementioned field evidence, ‘it has not been Possible in 


the laboratory to subject samples to shear tests which a appear to be analogous 


to the conditions in the field and to duplicate the result of a small angle of 4 


shearing resistance. The consolidated, quick type of test produces an apparent 
angle of shearing resistance of approximately for almost any clay. Whether 


the small disturbance caused by the sampling is sufficient 


o subsequent laboratory procedure i is unknown. The fact remains that, sO far, 
a discrepancy exists between the results of field and laboratory | that constitutes 

an important g2 gap in current knowledge. — Only the unconfined compression 
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Set in 
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~Reducing 
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in accord with the field 


of « earth pressures and of accompanying hydrostatic pressures | 


in regions” large e shearing stresses are may constitute 
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this paper ‘paper appear to have been satisfactory. Other types of 
} installations may be desirable for attacking the same problem 1 under d different 
_ circumstances. “For measuring water pressures in 1 Chicago clays, for example, 
the device shown in Fig. 15. was developed. It consists | essentially of an 
ordinary Bourdon gage, a length of pipe, and a porous tip, all assembled and 
completely filled with water before ‘installation. — Because of the low per- 

meability of clays, it i is extremely important that no leakage should occur in © 
the measuring system. _ The Chicago devices possess the advantage that the 
porous tip can be eee laboratory | by. a pipe cap and the entire 
assembly ‘subjected to a large parang pressure for a sufficient ag of 


4 cap. The assembly peng not require the drilling 0 of a “hole i in n advance. 


“Free Wate Water Level 


Tunnel 
| Location of Measuring 


merely joked into the clay. ie may be used in any position as _ as 3 the 


applies to the devices. In the Chicago jm, which have a a 

| ~_ permeability of approximately 5 5 X (10)—® em per sec, the time necessary to 
“reach equilibrium was betw een 12 hr and 24 

_ The Chicago devices have proved satisfactory in measuring hydrostatic 

pressures ; around the ‘subway tunnels. An example of the results is shown 
‘Fig. 16, where a decrease in around the tunnel tubes, due to 
_ their action as drains, was measured, in be ana of the fact that the free water: 
surface remained over use 


“silt ayer i in which it lay. _ Similar installations could provide valuable infor- 
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concerning the eXCess water pressure theoretical failure 


acent to ) open cu cuts. “a Although the water devices were not developed 
to. a satisfactory point in time to perform such experiments on the initial — 
7 system of Chicago subw ays, it is . hoped that the success of the water- -pressure — 
measurements d described in this paper, and those elsewhere, will encourage 
additional measurements to obtain ev idence on this extremely important E 


y} 
aspect of of shearing of natural clay soil. 
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ORGANIZING AND FINANCING SEWAGE. 
TREATMENT PROJECTS 


Discussion 


SSRS. MILTON SMITH 


‘Mitton P. Apams,’ M. Am. Soc. C. In the “Synopsis” of this paper, 


Me. Greeley limits the scope te to “ or rganizations s established for the single p purpose 
of sewage treatment and having this limited objective.” " The writer, in turn, 


- since there are no such organizations in Michigan, must limit his discussion _ 

toa listing of the causes underlying the failure to achieve true metropolitan 

district financing and administration of the sewage treatment function in the 
tea 1 around Detroit. 7 He will also mention | briefly som some of the problems that 

~ have been encountered elsewhere in the State of Michigan in order that the — 

larger community om Provide sewage collection and treatment to its smaller 


An amendment (Art . VIII, Sec. 31) to the State Constitution of Michigan, 
together with Act 312, Public ‘Acts of 1929, as amended by Act 56, Public Acts 
of 1935, provides the legal foundation. “for the incorporation of any two or | 
more’ cities, villages or townships or parts of same” into metropolitan districts. _ 
is but one of | objectives attainable through 


district 18 the ro ea and organization of a charter commission. 
for selecting representatives on such commission are provided by the enabling 
‘statute. _ Instead of representation being based on outstanding local and non- 
‘Partisan qualification for such service, as under the Illinois Sanitary District 
— law, unfortunately, i in Michigan, one representative must come from each unit 

of government irrespective of size, w hereas large cities are | entitled to only one 


a for “each 200,000 population, over and above e the first 200,000 of ; 


. ‘The charter subsequently must rece receive a favorable wale: from each | govern- 
‘mental unit. It is thereafter the magna charta of future administration, 
= and operation of the function sought. | 
Nore .—This paper by Samuel A. Greeley, M. . Am. Soe. C. E., appears on Pp. (1727- 1742 of cm 
Executive -Engr., , Michigan Stream ‘Control Comm. 
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1802 ADAMS ON SEWAGE TREATMENT FINANCE 


t 


q 


i : - Before sewage treatment was actuall ly under way in Detroit as a city projec 

Wayne County administration of this service was seriously proposed and re- 

_ ported upon, both as a county drain commissioner's function and as that of 

board of of supervisors. 

a A regional committee on sewage collection and treatment, headed by the | 

‘Hon. William A. Comstock, Gov ernor of Michigan (1933- 1934), was s organized 

in 1933. Its objective was the solution of the problems not only « of Wayne 

- County's municipalities along the Detroit River but those of southern Oakland 
and Macomb counties as well. The latter counties border W ayne County on 7 


The following factors appear to account for the failure to achieve a separate - 


and independent regional organiz zation for | treatment in the metro-— 


The predominating size and political relation of Detroit with reference 
some forty suri surrounding or neighboring municipalities of Wayne, Oakland, 


: statute provision, previously mentioned, in which one city with | 
_ more than 85% % of the tributary population and taxable property in the woe 
would have been unable to. exercise a controlling voice in the drawing of a 

charter necessary to the creation of suchadistrict; = 

63. The : situation created in 1935 when, with two applications before it— 
Le one by the City of Detroit, and one for W ayne County including Detroit—the 
PWA chose to deal with Detroit, leavi ing, for a ‘a subsequently submitted Wayne 
County application, the solution of the problems of the remaining munici- 

Palities not served by the Detroit project; and 
4, The curb on metropolitan district powers of taxation and bonding in- 
herent in the so- -called 15- 5-mill amendment to the State Constitution 

_ became effective in 1933. 


‘The nearest approach to regional administration of sewage treatment in 


| Michigan’ is now operative under the provisions of ‘Act 342, Public Acts rf 
— 1939, as amended by Act : 35: 3, Public > Acts of 1941, in behalf. of those communi-— 
~ ties in W ayne County not serv ved by. the Detroit project. ~ During the spring 
and summer of 1942, under the stress | of the war emergency and further con- i. 
_ ditioned upon favorable federal action as to the financing of cer tain necessary _ 
capital improvements, Wayne County has become the agent ‘to serve the 
Grosse Pointe communities along Lake St. Clair as Ww ell as certain southern 
Macomb County ‘municipalities. The treatment of all sew age so collected is 
_ by the City of Detroit acting under contract with W Vayne County. A Sewage 
Serie Committee of the W ayne County y Board of Supervisors. administers 
this function through its Board of County Road Commissioners. _ a 
“_ Since October, | 1939, Wayne County sewage treatment st service has been 
available to its customer municipalities and townships at a uniform base rate 
_ independent of location. Until July 1, 1941, the basis of charge was $26 per 
million gallons of sewage, as 1s measured by water passing the user's water meter. 
The current rate is is $43 per million gallons, less. discount, intended to be sufi- 
cient — to the customer { governmental unit for collection of locs! 
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“December, 1942. ADAMS ON SEWAGE GE TREATMENT FINANCE 


service charges. The ‘county’ s contract, therefore, is with the municipal sub- 
division served and d not with the individual user. —_, 


sponsible | for sewer r maintenance and weno both city and out- of-city connec- 


tions to the sewer oe 
Only within the past year (1941) 1 has the Common Council of Detroit 


= -ealled rate for out- and out-of-county 


‘municipalities find themselves a at a financial therefore, as com- 
pared with those located more closely to the city’s single sewage treatment 


During the ‘summer of 1942, under authority of the county sewage ge disposal 
law, the City of of Detroit and County of Oakland have reached dan understanding 
“whereby » the sewage of several southern Oakland County ‘municipalities will 
be received and treated by the City of Detroit. . At the November 3, 1942, 

election, the municipalities of Ferndale, Royal Oak, Hazel Park, — 
& oods, Berkley, Pleasant Ridge, and Claw son voted to so amend their Trespec- 
tive saa as to enter contracts with the County of Oakland for treatment | 


320, 1927, as prov vides ie their control. 
- Attempts were made to organize sanitary | districts at Traverse City, Owosso, 
and Monroe during 1928-1930 without success. . Failure « of these efforts is 
charged to the 8% to 10% return then asked on the necessary capital outlay 
plus operating annie. ede, When on the part of Michigan com- 


munities to encourage additional types of privately owned, public utilities was 
alsoa factor, 
Among the problems encountered under contract relation between govern- 

mental units for sewage treatment service, Ww here v well-conducted ‘Sanitary 


a organizations are lacking, are the following: 


‘traffic will bent” at the w ill of the party the service; 
3. The shifting legal responsibility for pollution w here shut ae or wens 
by place, in an effort to enforce payment or obtain concessions as to charges; 
‘The Grand Rapids. East Grand Rapids problem of continuity of service 
to the latter ‘municipality an and compensation to the former was assured by a 
; county | circuit court hearing and signing by the judge of a contract mutually 
agreed upon in advance by representatives of the two cities. This contract 
“reopening clause’’ which has never been invoked since the original agree- 
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TH ON TREATMENT FINANCE 


ment was made early in the 1930's. The fr iendly suit or court hearing attested 


to by the county judge apparently. has ov ercome the charter limitations of the 
‘municipalities which prevents t their so contracting as to bind future legislative — 


bodies of the two cities. 


Hau F. Sits,‘ scholarly presentation | of data concerning t the 
——— of organization and finance methods for s sewage disposal projects : 
is offered by Mr. Greeley. . The paper includes a carefully considered descrip- 
- tion of the trend that the course of development is following. The Ww riter’ Ss 
opinions, which are based entirely on a experience in the field, are in 
accord with the author’ 8 findings. 
‘The City of Detroit, Mich., made use of its regular municipal organization 
for construction and operation « of its sewage disposal system, and assigned t¢ to its 
Department of Public Works, which includes the office of the « city engineer, the 
task of constructing the system, which consists of intercepting sewers, sewage 
. treatment plant, effluent conduit to the river, and its appurtenances. After 
completion, the , operation of the system, including billing and collecting for 
service rendered, was transferred to the Department of Water Supply. | The 
regular. organization was used because Detroit believes that, in 
general, economies in operation | of f municipal departments or pre ojects lie i 1r 


> path of consolidation of existing agencies rather than in the ¢ creation | of new 
‘The City had little choice in the matter of financing its sewage disposal 
project. 7 It had already reached its bonding limit and did not have sufficient al 
cash resources | to finance the project; so it decided to use the city funds that, | 
were e available, accept the PWA ; grant, and issue re revenue bonds to finance the Z 
a state enabling act, which also provided for raising funds. 
meet the system's debt charges" and operating expense by imposing a sewage 
‘disposal charge upon the users of the system. It was decided to base the 
sewage disposal charge on metered water consumption because it appeared that | 
water _ consumption was the m most satisfactory and equitable measure of the 
service rendered the sew age disposal system. 
<n Its rate structure mu must be considered a two- part rate, Ww vherein the part 
based on usage consists sofa single step. . Iti is a two- part rate because a sub- . 
_ stantial part of the capital costs of the project vy were paid f from tax revenues; 
consequently, the “ usage’’ part of the rate is required to produce only enough 
revenue to meet debt charges of the part that was financed through sale 
_ of revenue bonds and to meet operating e expenses and reserve fund requirements. _ 
woe ae: _ A single-step for the “usage” part of the rate was adopted for the reason — 
that the entire charge i is for treatment and disposal of sewage that i is picked 


a up by the interceptors; c consequently, the cost of treating and disposing of 
7 any given unit of sewage is identical | to the « cost of treating and disposing of 
other unit, ‘regardless of whether the unit w vas contributed one large 


4 Senior Administrative Asst., Detroit Dept. of Water Supply, Detroit, Mich. 
Received * Received by the the Secretary ‘December 2 1942. ve 
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SMITH ON SEWAGE TREATMENT FINANCE 


ee in the v water bill. —“ reasons of « economy it was decided to include 
the sewage disposal charge in the water bill and to make a clear explanation of — 
q : this combined billing on the bill form. This choice of procedure has made it 


possible: for the department to take over the job of billing, collecting, and 
accounting: for sewage disposal charges without any additional expense. In 
general, customers have understood the additional charge for sewage disposal 


‘able ‘effect on customer relations. a Seuews, it did necessitate the preparation 


g of a plan that could be depended upon to effect a complete and accurate segrega- 
‘Be of water and sewage disposal receipts. pa 


The question was then considered as to who should be held responsible for 
sewage disposal charges. Inasmuch as water charges in Detroit are a lien 
against the property served, the sewage disposal ordinance was s drawn to make 
the sewage. disposal charge also a 1 lien and enforcible i in exactly the same manner 
is the lien for the water charge. 
. The next question ¢ considered wes that of determining a satisfactory means 

of forcing payment of sew age disposal charges. _ _ Although the : right of lien is a 
ie ; formidable weapon for use against delinquent « customers, it is a most cumber- 


7 some and costly one because of the expense of foreclosure, which usually ex- 


a ceeds, to a considerable extent, , the or dinary sewage disposal or water charge. 
Its ‘principal value lies i in its ability t o fix responsibility and depends largely 


upon some other agency to force actual collection. ' The perfect ‘combination is 
“the right of of lien to establish liability and the ‘right ¢ to discontinue the sewer 
service or water service to the property for nonpayment of the sewage ,e disposal 
service. The Detroit ordinance was drawn to provide for all of these measures. 
: _ Detroit makes a charge for sewage disposal service to all properties that 
are connected to the system, on the basis of water consumed, making adjust- 
ments under the tule October 20, 1941: 4 


The ‘Sewage Dispesel rate shall be ‘applied uniformly to all water 
7 - consumers, whose property is connected to the Sewage Disposal System, 


on the basis of the quantity of water used thereon or therein, regardless 
of the purpose for which the water is used, or the character or concentration 
of the sewage delivered from the property to the Sewage Disposal System, 
except that an additional charge may be made where the character of the 
sewage is such that it imposes an unreasonable burden upon the system, 
a as provided for in the city ordinance; provided, however, that upon proper 
> showing, exemption of the sewage disposal charge will be made on water 
3 delivered through a metered line where the entire amount of water de- 
2 ~ livered through said line is used for such a purpose, and in such a manner 
| as to establish beyond reasonable doubt the fact that the water so taken 
not enter the Sewage Disposal System. 


i. Of particular interest i is the fact that, since the se sewage > disposal charge has been 


_ in effect, less than thirty requests have been received for - adjustment of the 
sewage disposal charge on the grounds that all or part of their water consump- 
tion | did not reach the ‘sewer. In general, the requests. for adjustment w were 
from railroads and large plants. 
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An ordinance was passed by the Common Council requiring users of private 
‘ ells, or any other private sources of water supply, to meter or measure such 7 
‘2 supply in a manner satisfactory to the Department of Water Supply, as a 
‘means of ‘determining the proper charge for sewage disposal service. ‘The 
regular sey sew age disposal charge i is applied to water supplies | from private sources. 
_ Contrary to a rather widespread o opinion that sew age disposal charges are 
difficult t to collect and, that if added to water bills, w ould tend to slow up water 
~ collections, experience in Detroit indicates that inclusion of the sew age dis- — 
posal charge in the water bill has had little if any effect on collections. — Asa 


“matter of fact, the customer delinquent balance in October, 1941, 


vie 
the delinquent balance since > June 19 19, 1940, carries sewage disposal charges as 
Ww ell as W ater service charges. 7 
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‘AUTHORITY 


T B. PARKER, M. Am. Soc. CE 


ndditional information which will be of value ‘those 
interested in the subject. tis ‘particularly gratifying to note that the dis- 
- cussers seem to be in substantial agreement with the 1 methods used by the. 


Colonel Elliott agrees generally wit ith the ‘methods wed i in determining the 


7 costs to be allocated tot the various purposes of a multiple-purpose project, ,» but 
questions: the u use of a cost allocation, in particular with reference to the so- 
called power “yardstick. it were conceded, for the purpose of of the argu-— 
7 _ ment, that the costs of private and public enterprises were different, or, for 
that matter, that the costs construction | or of structures required 


these differences could made readily. Without 2 a ont 
allocation to w hich such adjustments could be applied, there would be no base | 
from which to begin in making any comparison. I It should also be kept in 
that the capital cost of the generating stations is only ‘a comparatively 
small part of of the cost of power and that transmission, distribution, and market- 3 
ao costs are not subject to allocation. ~ It follows that even if the cost of genera- 
tion for a public enterprise were 70% of the cost of generation of a 
-* prise, the actual costs of power at market would be more nearly equal. — 
a Chandler : presents, in some « detail, interesting - variations of the alter- 
hative- -justifiable-expendituré method which will greatly assist the uninitiated 
ina better understanding of the problem. However, it appears to writer 


‘that, in the use of the so-called “three-circle”’ method, simplicity of the alter- ‘ 


Ff _ NoTe.—This paper by Theodore B. Parker, M. . Am. Soc. C. E., was published in December, 1941, 
Proceedings. Discussion on this paper has appeared in Proceedings, as follows: February, 1942, by Malcolm 
Elliott, M. Am. Soe. C. E.; March, 1942, by E. L. Chandler, M. Am. Soc. C. E.; May, 1942, by Eugene 
OL Grant, M. Am. Soc. C. E.; June, 1942, by Messrs. Sherman M. Woodward, and Albert R. Arledge: and — 
_ October, 1942, by C. W. Watchorn, Esq., and F. A. Allner, M. Am. Soc.C. E. . 
4 Chf. Engr., TVA, Knoxville, Tenn. 
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PARKER | ON TVA PROJECTS 


native-justifiable- expenditure method is sacrificed without much, if any, gain 
in accuracy ‘since a a considerably larger number of estimates of cost are required. | 
Professor Grant 1 raises: an interesting | point 


allocations. In n accordance with the TV: Act, “flood control and navigation 


“are the p primary "purposes, and pow er is the by- -product. of the development of - 
> the Tennessee River and its tributaries. The Act is clear and ‘specific, the 


various developments are planned and operated accordingly, a1 and in normal 
times, therefore, there cannot be any choice as to plan of operation; the cost _ 
allocations are made to conform with this plan. However, the Authority 
in operation (among others) the Cherokee Dam on the Holston River and the 
Nottely and Chatuge developments in the @ upper Hiwassee drainage basin, 
Ww hich, by. ‘special ‘appropriation of the Congress, were authorized to allevi ate 
a a threatened power | shortage in the region. a During the hearings before the 
7 Congressional committees on the e bill authorizing the construction of these 
- projects, it was fully explained that these dams were to be operated temporar ily 
for the primary purpose of maximum pow er production, and that at the con- ‘ 


clusion of the war. the operation of the dams would revert to the normal 


multiple-purpose operating plan, 


To conform to the realities of this situation, the w riter_ is recommending _4 
tl that the Authority submit two cost allocations for approval by the President A 
of the United States—one to apply for the duration of the war and charging 


. the entire cc cost of the > additional developments t to power, the o other to go into 
effect after the Congress has declared the war ‘emergency to ‘be ended and 
giving effect to the planned multiple-purpose operation of the projects. 
«db is interesting to note that the methods used are sufficiently flexible to 
allow for this difference in operation as well as sufficiently accurate so that the 
difference i in operation does not disappear i in the process of allocation. — _ - 
Mr. . Woodward’s discussion is a worth-while addition to the conception « of 
allocations , and offers an alternative allocation principally involving the cost 


of iene Dam and affecting only the allocated costs of navigation and 
flood contro, 
=) Mr. Arledge st summarizes clearly and concisely the \ various steps. taken 7 
the: Congress with regard to the f financing of the the Boulder Canyon project. 
This discussion contains much valuable information which the individual 
- engineer could only find after considerable research, if at all. The remarks ‘ of 
Mr. Watchorn and the late Mr. Allner do not appear to be particularly pertinent 

to the solution of the problem « of cost allocation of the TVA pri projects as directed 

byt the the Congress. _ How ever, their discussion presents a thoughtful — on’ 


» Th conclusion, the writer wishes to express his his sincere appreciation to. to all 
the discussers. 
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DEVELOPMENT TRANSPORTATION IN 


UNITED STATES 


Discussion 


By J. TEAL, M. AM. ‘Soc. 


E. Tear,” M. Au. 8 E. «Since the fr first of this paper 
December, 
changed materially. " This change was first manifest in ‘the summer of 1939, 

and became more pronounced after September 1, 1939, when the war in Europe 
was started, which resulted in industries in the United States receiving large 
for © and ‘supplies. W hen major: change occurs in in industrial 
activity, all transportation agencies immediately feel the effect. _ This in- 
— industrial activity - continued to December : 1941, when the United 


_ The discussions have been enlightening, as they have revealed points omitted - 


- overlooked by the wr writer and have expanded others. Because of the great 
change i in transportation | conditions, caused by the) war effort, it appears to the 
writer that the discussion might well be terminated by emphasizing the rela- 
tive importance of the various transportation agencies i in connection with: the 
war economy and let the record speak for itself. 
The desire of transportation agencies is to assist in winning the war at an 
‘early date. The w war economy of the United States depends largely on avail- 
able means of transport. . The ability of the Nation to transport men and 
materials overseas is of vital ‘concern. | However, the overseas shipments are 
- greatly exceeded in volume by those within the United States, because here 
it is necessary to transport vast numbers of troops and ‘military equipment 
from one point to another, in the process of training, and also» to transport the 
materials required in the construction of ‘military establishments, in the build- 
ing of ships, and in the manufacture of ammunition, guns, planes, and tanks. 


All of this transportation for the war effort is given first consideration, of course e, 


‘i Nore.—This paper by J. E. Teal, M. porn Soc. C. E., was published in December, 1941, Proceedings. 
iscussion on this paper has appeared in Proceedings as follows: F ebruary, 1942, by Messrs. Fred Lavis, — 
and William J. Wilgus; March, 1942, by Joseph B. Eastman, Esq.; April, 1942, by ‘+e - - ‘Camp-— 
bell, W. W. Crosby, and W. B. Irwin; and May, 1942, by F. R. Schanck, M. Am. Soc. C.E 
-_ ® Transportation Engr., C. & O. Ry., Richmond, Va. 
_ % Received by the Secretary 23, 1942, 
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Discussions 
‘remainder of ‘the ‘transportation is ‘the: benefit of civilian. 
a 


activities. The « civilian | population ‘now (December, 1942) finds traveling 
“difficult because of the greatly increased demands on transportation 
agencies, 
At the beginning of 1942 the Nation's transportation plant and facilities. 
consisted of approximately 233,000 miles of railway first main track; 1,960,000 
-freight-train cars, of which 1,685,000 were railroad owned; 38,000 passenger 
train cars; 45,000 locomotives; 1,469,000 miles of improved highway, on w hich — 
were operated 5,000,000 hake ay trucks. , 140,000 buses, and 29,000, 000 : auto 
mobiles; inland Ww: aterways, s, excluding the Great Lakes, which were handling 4% 7 
of the Nation’s bulk freight; and 105,000 miles of pipe lines, w vhich were mov ing 
10% oF more. that were on Lakes and the 


ry 


lumber. © ‘Air lane transportation was increasing ‘at ara pid rate to aaa’ the 
pan 
-ever- -increasing passenger, mail, and express load. 


a As stated by Ralph Budd,” Hon. M. Am. Soe. C. E.: 


have’ handled increasing téafihe load, as chown Table 10. 


TABLE E (10.—INCREASE ‘FREIGHT AND PASSENGER R TRAFFIC | ON 


‘Loapincs | Revenue Ton-Mizes REVENUE PassENGER-MILEs 


Index 


1940 2 72 373,253 | 762 104.9 
1941 1247 | 163 | 475,072 | ‘| 29,350 | 129.6 
19426 126.8 | 1.7 | 625,000 | | 45, (000 198.7 
@ Percentage increase over the precedin ng year. Estimated. increase, 1942 over 1939. 


1 
1 


The progressive effect of the i increasing traffic load is shown by the percentage 
tat in Cols. 3 3, 6, and 9, Table 10. _ Comparing 1942 with 1939, the eumulative 


traffic i increase is shown n as 26. in and 87.4% in ton- 


Transportation on the Home Front,” 


(4 
— 
| 4 
4 
“These various forms of transportation took on the traffic load incident to 
a. _ war abroad and preparedness at home, as it came along, without any con- 4 
> = 7 siderable strain simply by -utilizing a larger proportion of their carrying ; | 
on ___capacity than had been needed during the preceding years. Thus for the 
| 
4 
3 
_-merease in the Tength of haul. “The average load per car in ;will be more 
than tons greater than the average load in 1939, whereas the average hau 
1 ee a] Zana per ton of freight in 1939 was 351 miles, and today is about 420 miles. Inthe [7 : 
by Ralph Budd, Civil Engineering, September, 1942, 


Decembe 
“gers one walle nearly doubled in 1942 as compared with 1939. 
7 ‘Table 11 shows the progress made by the railroads since September ‘: 1939, 
in n frei ht-car and locomotive ownershi » it shows the net results the railroads 
and shows th ts the railroads 
‘TABLE 11.—RaiLroap OwNERSHIP OF FREIGHT ‘CARS LOCOMOTIVES 
tember | Total owned |———————-——_|_ Seerviceable owned able 
1939 | 1,650,423 224,603 | .13.6 | 1,425,820 | 42,848 | 8,381 | 19. 34,467 
1940 | 1,640,924 137,869 | 84 | 1,503,055 | 41,608 | 6,268 | 15.1 | 35,340 
1,648,502 78,044 | 4.7 | 1,570,458 | 41,384 | 4,247 | 10. | 37,137 
19420 736,909 338 1,683,098 | 41,566 | 2,735 6.6 | 38,831 


2 Except 1942, which was August 15 fcr freight cars and August 1 for locomotives. 


have obtained from installation of new “equipment and the repair of atin, 
‘equipment. The m: main achievement has been i in the reduction in and 


proportion of unserviceable cars and locomotives. 


The number of freight cars i in bad order on September a 1939, was 224, 603, > 
or 13.6% of total ow nership. : This was reduced to 53 811 freight cars on 
August 15, 1942, or 3.1% of total ownership. _ Thus, although the total owner- 
ship of freight cars increased by only 86,486 cars, the number of einen 
units increased by 257,278 cars. 
In the case of locomotives, the ow vnership on August 1. 1942, was lie than 
on September 1, 1939, by 282 locomotives. the o other hand, the e number 
of serviceable engines increased by 4,364 units, those in bad order having been | 
8 ,381 on on September 1, 1939, to 2,735 on August 1, 1942. 


4 
| TABLE 12. —IMPROVEMENT IN THE or RarLway 
Ton-milese _Index No. Index No. | IndexNo. 
100.0 167,870 | 1000 1,408 100.0 
721 108: 106.2 462° 103.8 
(1941 4 198,997 118.5 34 532 108.8 


* Freight-car utilisation, | in ™ ton-miles per getive freight-car day. » Freight- locomotive utilization, in a 

per ante day. utilization, in passenger-train 

“mules per active locomotive ay. 4 First six mont 


Iti is clear, however, that the railroads could not have met the heavy tr: ss 
demands of today without : improved performance. ‘Table 12 shows the ‘steady 
_ improvement i in utilization of equipment that has occurred since 1939. | With 
Tespect: to freight-car utilization, the average car in 1942 has been equal 
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increased 27. 8%, and passenger- -locomotive ‘util ‘increased 14.7 


railways have been doing a good job. 
‘Table 8 shows that the relative volume of traffic for the year 1939 aggre- 
- sated 543.4 billion revenue freight ton-miles and 40 billion revenue passenger 
miles. It is estimated from data in Table 10 (which were furnished by the 
Association of American Railroads) that r railway traffic will be increased 291.6 
billion revenue ton-miles, or 87.4%, and revenue passenger-miles will be in- 
‘creased 22.3 billion ‘miles, o or 98. 7%, in 1942 compared with 1939. ~ Reliable’ 
7 information i is not available (as of December, 1942) as to just what the traffic 
will be for other carriers; however, information at hand indicates that the — 
traffic of these agencies also will be. materially in increased over that o f 1939. 
It is obvious that changed conditions due to the war effort have greatly in- 
creased the oman for transportation by the — ay, waterw ay, tl line, 


by ‘the lack of equipment, it now seems that the 
‘shortage in in the East and the rubber-tire situation may have a retarding — 


= 


on the capability « of the highway carriers to continue to handle | the volum 


/* traffic now prevailing, 
As previously stated, the inland raterways have been improved and. 
~ modernized during the past quarter of a century. — _ The improvements of some 


_ of them were projected in in 1 the feverish rush of World War I. WwW orld War II if 


- threatens to sta expansion of waterway improvements. _ As illustra- 
- tions, construction of the - Florida Ship Canal, the Lake Erie- Ohio River Canal, 
and the St. Lawrence | Deep Seaway ay— strong political and 
mercial supporters—is | being advocated earnestly | by their backers, either ras 


absolutely necessary to the war effort or as desirable ‘ “make work projects” 
as soon as | the war is is over. _ Therefore, it seems to t the writer that an — 
tion of previous mtn developments is appropriate at this time, and in 
3 particular | the Ohio River waterw ay system, which is s probably the most “— 


plete of any improve ed w aterway system in the United States ~! peigenpeneti 


This was a a subject. given consideration. by Committee X VI—Economics 0 7 


Railway Location and Operation—of the American Railway Engineering 
Association (A.R.E.A. ) in 1940; the following conclusions?® were formulated 


that times 


_“1—The Ohio River navigation system cons f 3, 612 route miles - 
(981 0 on the Ohio river between Pittsburgh and Cairo, and 2,621 on tribu- 
_ tary streams), and represents an investment on the part of the taxpayers 
of the United States of some $234,000,000, and a total expenditure (as 
“e@ January 30, 1938) including maintenance and a relatively small amount 
unexpended appropriations, of $362,000,000. Based on the operation 
during 1937, a total of about 4,205,000, 000 ton-miles of freight was trans- | 
- ported on these rivers, a large percentage of which would have moved on | 
the railroads had government improved waterways not been available. 
“The annual cost of transportation on these rivers to the nation 7 
estimated at approximately $34,000,000, of which about one-half is paid 
or absorbed by the taxpayers and ‘the other * half by the users of the 


~ 


— 
7 
— 

| 

} 
— 

| 

| 

— : 
| 
| 
| 
| 

— 
a 
| 

— 


December, ‘1942 ON TRANSPORTATION 


pale is no on once of record that the users of the waterways pass on - 
to the public in general the savings that accrue to them as compared with | 
the rail freight rate. Waterway transportation may be cheap to the 
favored shipper but is costly to the taxpayers, who foot the bill for i improv- 
ing, operating and maintaining the locks, dams and channels.” 


ho develops some very interesting figures (excluding the cost paid the 
_ shipper) representing the cost per ton-mile of all traffic on this waterway system 
which is borne by the government or taxpayers. 
- ‘The facts presented r: raise questions as to the effectiveness of w waterwags 
_ (compared | to railways) as a a means: of maximizing wartime tr: transportation, and 
of the economic justification of most, if not all, of such enterprises at any time. 


Concerning these Professor Troxel states: 
— 


_ “The | presence nce of the Ohio W: aterways thereby may relieve the | pressure 
on railroads and improve the war effort of the country. Yet this gain — 
would be a sort of windfall for the nation, for these waterways were de- 

7 _ veloped more for peacetime than for wartime use. _ Such additional trans- 7 
port capacity, granted that it may prove convenient, might have been 
provided more economically by other means. * * * It is customary for 

waterway protagonists to acclaim railroad-rate reductions which © 
follow the opening of a waterway. Though they correctly note the trans-— 
portation expense reduction for some commodities and companies, they 
fail to recognize the possibility of contrary consequences a 
Fae the rate reductions to meet water competition have the — 
of forcing rate increases for commodities or areas where there is ~~ 
competition. Or, in the event of a continuance of deficit operations, 
7 — may be forced to abandon parts—the weaker branches—of 
2 Communities near the waterway or elsewhere—for toll- 
= These effects may appear slowly, oa yet oo may be inevitable.” 
‘Under date of September 18, 1942, the Board of Investigation and Research 


_ transmitted its annual report to the President and the Congress of the United 
States, in accordance with Section 305 of Part 1, Title III, Transportation Act of 
1940. In this first report the Board outlines the scope of its investigations, 
which include the flow of traffic, the cost and efficiency of transportation 
services, amount of public a aids 1 received and taxes pane by each type of carrier, . 


lar significance: 


“The coming of om war has ope ex ordinary burdens upon the 
wa avin transportation system. Within a very brief period carriers 
which for years had suffered from insufficient traffic were obliged to expand 
their services to the limits of their capacity, and danger signs warning of > 
critical shortage of transportation began to appear. This sudden shift 
has not, however, altered the fundamental problems of transportation, 
», has it changed the essential characteristics of the various types of 
—— rather, it has focused attention upon certain aspects of these 


tices, and intartensltestal freight rates. The following statement” i is of particu- 


6 “How ‘Cheap’ Is River Transport?” by C. Emery Troxel, Railway Age, September 12 12, 1942, p. 408. 
7 Annual Report of Board of Investigation and Research, September 22, 194: 1942, p oo 
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in transportation making more ever the prospect. a fa 
reaching readjustments in our transportation facilities. 
7 “These emergency conditions have not diminished the significance of the 
; “4 problems which the Board is directed to investigate. This was recognized 
by the President when, by proclamation of June 26, 1942, he extended the 
term of the Board to its statutory limit, September 18, 1944. _ The procla- 
-mation declares that—an efficient transportation system ‘is essential to 
the nation in peace and war, and the national interest requires the de- 
velopment of informed policies by which such a system may be promoted, 

strengthened and maintained.” 


_ ‘The Board of Investigation and Research Teports progress in its studies of 


‘relative economy : and fitness, p public aids, taxation, n, and interterritorial freight 
rates. nder the caption “Further Reports’ appears th the following: wal 


“The Board is proceeding as rapidly as possible with the research 


. contemplated by the act. The entry of this country into the war has 
‘complicated the problems which the Board is directed to study, but has 
not changed their essential character. © The scarcity of trained personnel 

_ and the burdens imposed upon the carriers by wartime demands have in 
- ways increased the difficulty of the Board’s investigations. Yet the 
= has emphasized the importance of the work and has facilitated it in _ 
some important respects. It has made available recent data concerning 
the capacity of our transportation facilities. It has already brought 
forth new operating methods and has tested expedients which otherw ise 
Bye be dealt with only in theory. These experiences are of great value — 
in ae tae methods of developing a national transportation system 

the present a and future needs of commerce and national 

“The an studies of the interterritorial freight rate structure will 
be filed in January 1943; its report on public aids to carriers will be filed 
early in 1943; its report on carrier taxation will be completed by the end 

— the current fiscal year. Its investigations of relative economy and fit- 

ness of carriers are of such magnitude and importance as to require a 
longer period for completion. These further reports will contain the full — 
and recommendations of the Board.” 


and may have an important on future affecting the 
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HYDRODYNAMICS OF MODEL ‘STORM SEWE 


INLETS APPLIED TO DESIGN 


iscussion 


we 


Assoc. Am. Soc. C. zB 


G. S. TAPLEY 1° Assoc. M.. Am. Soc. C. E. eee a problem attacked i in the 


7 paper is of a type upon which little | has yet appeared in literature; features 


believed to be novel were included. is regretted, therefore, that 
either for or against, was n not more widespread. 

Professor Powell’s comments are very much to the point in several ps particu- 
>. 4 His statement that the method of distributional analysis : seems worthy 
of study i is believed to be particularly pertinent when, as in the case case of storm- 
‘sewer inlets, the lateral distribution is so ey a feature of the 


‘The: study of distribution itself is also an active field at present. 7 ‘Atten- 


¢ tion is | invited to the observed, practically perfect independence of the values _ 
J of x from the total flow Q; in the model channel, Table 9 shows, for ‘compari- 


—CUOMPARISON OF VALUES OF K 


0.841 | 1.003 1.257 1.700 


ae 0.517 | 0.690 0.805 | 0.882 | 0.928 | 0.969 


1.001 
0.280 0.518 | 0.693 | 0.810 | 0.886 | 0.932 | 0.970 | 1. 005 


values of representing. Ss; = = 0.02, or a= 0. 0615, and corresponding 


of representing the average for Sy = 0. 01, 0. 02, 0. 04, and 0.06, 


—M =0. 0434, 0.0615, 0. 0870, and 0.1066. All data sepreneet Qo = 0.0460, an 


i average obtained from a large number of observations.!* 


Note.—This paper by G. S. Tapley, Assoc. M. Am. Soc. C. E., was published in March, 1942, Pro- 
Sodings. Discussion on this paper has appeared in Proceedings as follows: September, 1942, by Ralph Ww ae 
Junior Civ. Engr., Bureau of Eng., City of Los Angeles, Los Angeles, Calif. cali, a 


; er, alues in Table 9 are from “Depth and Distribution Data for Flow in in Model 1 Street," “6 - G. 


: Table 19. The original manuscript is on file at Engineering Societies Library, 29 West sot 
«Street, New York, N. Y. 
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Discussions 


‘Inasmuch as as Professor Powell calls attention to vriter’s use of the 
4 momentum average, the following remarks upon ‘average v velocities m may be in. 
- order: The so-called average velocity, “discharge divided by area,” has been 
. aptly called the “ apparent average’’ velocity. It should be kept in ‘mind that 
this velocity is an average one alee in the uninteresting case w here velocity | 


does not var throu the cross section. The followin mathematical ex- 


pression 1 shows this: a 


a fluid cannot satisfactorily by ite of cross sec- 
tion, dA. 


See the other hand, the expression for the momentum- ~aver age velocity, 5, 


ne for which the | physical ec conception is grasped readily: - 


all 


dlementary of fluid is weighted by its velocity. 
average, 0, is is the velocity of all the particles n moving as one mass when the 


The expression for the energy ~average velocity, 3, may be obtained from 


/ 


individual masses moving a at velocity 
els 


p dQ 


= 


0 
q 


because the duienlinater Heed the square root of a mass per second. 


‘is required, then, to state: v is s the velocity a at which the square root of the mass 
“2 per second moves _when the e energy “of the total | mass equals the | sum | of the 


| 
: 
| 
> 
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Assuming that both energy- average and momentum-average velocities 
exist, the writer believes that the criterion for choice between them should be: di sO 
Use the energy-average velocity when the phenomenon i is properly and con- 
veniently expressible in in terms of work and energy; and use the m momentum- 


average velocity momentum and force are the proper for 


or: Reference should be made to a bulletin of the National en of Stand-— 
s ards, dated July, 1942, regarding energy and momentum methods. oie The 

bulletin calls attention to the long-standing nature of the controversy | over the 

m methods, and states” that Boussinesq ‘advocated the momentum method, 
= whereas» Coriolis advocated the energy method, Coriolis’ view generally pre- 
-vailing. The bulletin further gives the 1 view of G. H. Keulegan. that either 

- method i is correct, provided the proper interpretation is. placed upon the opera- 


tion, but. ‘that, ‘practically, it is preferable to use the momentum method. 
should bee emphasized that the ratio , mentioned by Professor Powell, 
represents the ratio of the momentum- -average velocity of the inlet flow to the 


Tieves they are, since they do not represent the same cross sections of flow. 
x In an investigation of backwater ‘effect, 18 the writer found that the rela- 
tionships in Table 10 hold for the total w idth of cross section, the area of 
cross section being 0.0298 sq ft. The | 
ratio is thus constant, but less in TABLE 10. 
tude than computed by Professor Powell. BETWEEN AND 
ignoring a constant discrepancy even 


as small as 6%, because the quantity | | 0.06 
under investigation (Reynolds’ number) —|——_|- 
a expected to make itself evident by , | 1.46 | 2.06 | 2.90 
only a feeble effect within the model 


a. Powell inquires" whether Eq. ‘54 could not have been used as — 
well as Eq. 6b. The following arguments seem to prove that it could not, al- ——) 
Bosh some of the facts involved could not be anticipated w without regard to 
the experimental data. All quantities o of physics are products,'® and any set 
of observations can be represented by. a potential series. Moreover, a prod 
uct of a series is only an another series. _ Eq. 54 evidently would apply to a series 
in which there | were no terms such as FR; such terms : are required i in the o- 
perimental case because F and R vary simultaneously. In a similar case, 
-Morrough P. O’Brien and George H. Hickox,?! ‘Members, Am. Soc. 


"Technical News Bulletin, National Bureau of Standards, July, 1942,p.50. = 


7 “pe 18“Inlet Flow with Backwater Effect,” by G. S. Tapley, Table 9. The manuscript is filed with © 
Engineering Societies Library, 29 West 39th Street, New York, N.Y. 


'* ‘Mathematics of Modern Engineering,” by Robert E. Doherty and Ernest G. Keller, John Wiley 
Sons, Inc., New York, N. Y., Vol. 1, 1936, pp. 140 and 145. 


N. Y., 1917, P. 212. 
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course, ‘is the one selected as characteristic Fe 
- gravitation, and it represents the fall of the water during” its transit over the 7 


_ effective part of its course. 4 Had viscosity been the principal consideration, 
another dimension would. isin been selected. WwW hen both gravity and vis- 


cosity ar are a dimension i is used i in both the Froude 


of surface tension. given to the possible effect of 
surface tension because a of the small size” of i the model, but it was concluded 
— that the effect was inappreciable except i in a few minor cases, such as when the 
_ overflow was approaching zero magnitude. However, in the case of submerged 
inlets @ subject not included in the paper), where the inlet operates as an 
‘orifice, surface tension was deemed to be an important consideration, and in an 
unpublished report entitled ‘ “Submerged Curb- Opening Storm Drain Inlets,” 
the writer included it in the analysis by means of which the orifice ons 
= | derived. _ The principal argument against a larger model, of course, 
“that time and expense items increase rapidly with increase in size. 7 With a a 
larger model it is possible, nee that it —— have — difficult to have 


comet feebler with i increase in size. 


the latter investigation are submitted as substantiative, to 


extent, of the correctness former analy sis, and also for the value 
have in extending the range of conditions covered. 


Eq. 36a, let 


0. 0.280 — 


In Eq. 59, b is the characteristic linear dimension representing backwater 


effect, and equals tt the difference i in elevation between the surface of the back- 
water body (assumed level) and the lip p of the inlet at its center. ‘The effet 


of viscosity has been assumed to be negligible in the backwater phenomenon, 
because that phenomenon is characteristically on one. of shock, Tepid change nae 


elevation of the surface, or wave motion. 


respectively, show nue values of J as func- 


Valiac at 
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ee state that the unknown function should be considered as the product of two § 

infinite series in the dimensionless groups; 

. Professor Powell is correct in stating that the meaning of A in connection _ 

i 

a - _ The writer agrees that it might have been preferable to use a larger model, 

ae but for the reason that difficulty was experienced in measuring depths ac- 

— 

— 

— 

q 

— 

a to completion of the analysis of free flow, 7 

— 

— 

a 

= 

— 

— | 

— 

and for n = 0—that 1s, no overflow. ‘The locus for J = represents the hmit 


f J 


Values o 


Standard Symbols @ 
Sp 


0.70 


0.06 


068 Interpolated 
“007 008 0.09 0.10 0.11 0.13 0.14 01510 — 30 35 4 


Fig. 18.—VALves or J As FUNCTIONS OF b AND = = 0.0460) 
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it ‘ing condition | between free flow and b backwater effect. 


a straight line w whose equation i is. 


alues of the coordinates of point of the loci for 


and an average of ». 
Ite can be reasonably ania that the 
combine i in manner that 


It was found, however, ‘that the that 


these n numbers i is a a difference of depths rather than a depth such as b. — 
‘The ‘simple: st case of flow is that for which 7 a= = = 0, because in that case no 
overflow exists, and the width at the approach section of the filament of “flow 


— the inlet is the total width of the channel— —; has the constant value 


‘Fig. 20 shows values of J versus various pow wee of B- , in which 


The Ji in n terms of Ba has the s form. 
4 
= 0.653 


Jote that i in a Fig. 20. the data reprenuting = 06 correspond to the » condi- 


alues. 


4 8 9 10 
Values of ues of Ba Gy 
20. VALUES oF AS A oF OF Ba 
Ba 


tion wherein the backwater wave has reached a ‘point upstream far enough to 


“4 the 
the depression completely, so so that ‘Ge 


approach section is no longer normal for the value of S fe 


The locus for n = 0 is 

(60) 

7 and 
f 
arguments in the function ¢ will 
as a function of a Froude number 
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2 It was found that, for conditions of flow other than those represer representing n = 0, 


ther tern ms than B, are necessary. — _ The rune are shown in Fig. 21 and are © 


Fos, 5, Bib, = 0.867 — 2.8 963 - 0.0170 (64a) 


for values of 6 greater than 0. 


— 54 867 4 +0. 0.544 (- BY? 5. 4b) 
for values of 6 b less than 0.0: 0840. In Em. 64: Fy = Ab - 0.0774; 


il 


0.0840. (Note ‘that, b . 61, the 
= y Eq. 61, “the 


J- 0.8 


Values of 


o ¢ 


x 


0 05 015 0.20 0.25 0.30 
‘ic. 
Fria. 21, —Fiow ‘Factors For > 0.0840 b < 0.0840 = 60) 


The difference i in the parameters 0.0774 and 0.0840 is 0.0066, which is the 


fall j in half the length of the inlet due to the normal slope of the model. This” : 
fact suggests the manner in which the length of inlet and slope of street enter 
~ the backwater function and should be useful when, later, these quantities ar are 
investigated as variables. can be shown that 


=, B. + Bsx = . 


| quantity 0.867 = 1 — K; 
1 
gs 4a. IN | 
EET ToT | 
| 
(65a) 
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65 in Eqs. 64 will yield more general expressions. Note that 
Bl Va varies only with 0, and B-5, varies with both 0 and b. ~The 
latter term (F° 5.) thus corresponds to the term of Eq. 63. terms 


of Eq. 65b are converted easily into expressions for moment of ee such as" 


if 9 pand h h are assumed not to | to be dimensional constants. oe 
In conclusion, yn, the writer submits the good correlation, the rationality, and 
the simplicity in the foregoing paragraphs as being | good evidence that the | 
expressions for flow derived in the m: main text of the paper properly account for 


factors which influence the flow, se expected to be the most 
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UNDAMENTAL ASPECTS OF ‘THE 
DEPR DEPRECIATION "PROBLEM 


YMPOSIUM 


BY KERNAN Ro ROBSON, Esq. 


Ronson, Esa. the Symposium, the treatment of the. de 


-preciation problem s seems concerned mainly with plant and equipment. . From 
the point of view of the average realtor who makes depreciation deductions 
from tens of billions of dollars of depreciable improvements on real estate, 
there are many other factors to be weighed in addition to those — by 


Although the w riter will not discuss the mathematics of these eaten, he 
wishes to emphasize the immensely important t tax pre oblems involved. — These 


7 problems w ill be greatly accentuated by the 5 5- yr depreciation program applied 


to billions of dollars worth of war structures. 

~ One of these problems may be called the “Problem of Annual Low Brackets 
_— The. deduction from net income for such reserves as the taxpayer is is allow ed a 
from year to year is in the lower brackets; but: upon sale or or other disposition of 


Against Total High Brackets W hen Profit or Loss is Ascertained.’ a Ji 
_ An important inequity resulting from the present treatment of depreciation a 
and depletion reserves in adjusting, annually, the cost or other base of property 
these assets, resulting in in gain o or loss, the total of depreciation or depletion — 
eserves theretofore taken i is segregated into one sum which brings ‘the he taxpayer 


into a higher bracket than those in which his income put bites the y years 


Nore.— —This Symposium was ‘published in 1 Nov ember, 1941, , Proceedings. ‘Discussion on on this Sym- 

‘posium has appeared in Proceedings, as follows: November, 1941, by Messrs. Edwin F. Wendt and L. T. 

Nemning, and Anson Marston; December, 1941, by Messrs. William G. Atwood, George E. Goldthwaite, 

«Bethan B. Jacobs, H. J. Flagg, Nelson Lee Smith, and C. Beverley Benson; February, 1942, by Messrs. : 

aul T. Norton, Jr., H. L. Ripley, and Carroll A. Farwell; March, 1942, by Messrs. Thomas R. Agg, 

— Pende B. McCullough, W. V. Burnell, Roger L. Morrison, Wallace B. Carr, W. L. Waters, A. G. Mott, 
avid A. Kosh, E. G. Walker, and K. Lee Hyder; April, 1942, by Messrs. James T. Ryan, John C. Page, 

John S. W orley; June, 1942, by Messrs. F. Miller, and Fred Asa Barnes: and 

- vy Robert F. Legget, Assoc. M. "Am. Soc. C. E., and Erwin E. Hart, Esq. = 
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ioe es were taken. Ano example used as far back as 1938 began v 
thats 


Wanes 
(b) The : ed was 510% | per year for 
_(c) The taxpayer h had no other net taxable income at the end of 


end of ea 


(d) The tax rate remained the same throughout the 10-yr period; and 


- At the end of the ten years, the taxpayer sold the property for the 


original: cost p price ($100,000). 

He would im have an accumulated depreciation reserve of $100, 000 a 
which the total taxes—federal and ‘State of California _(1938)—would | be 
$41,950. © However, the total tax savings s (and thus the total sum withheld and | 
due the govern nment by reason thereof) w ould have been $8,500." That is all 


he e really owes the government by r reason of his withdrawal of the allowed or 
allowable annual depreciation from annual income. 7 ‘The government would 


Again, if the taxpayer were to pay someone, at the end of the 10-yr period, 
$100, 000 to take the property off his hands, the $100,000 would not be a loss 
but would actually be matched by the inagangy depreciation. ee 

. the City of San Francisco 

4 (Case 46 BTA, No. 9, geese 14, 1942) i is one Go many that set forth a amongst 
— other matters tl the principle as to the adjustment of the cost basis: by ee 

tion or depletion allowed or allowable. In substance this principle may be 


stated as follows (46 BTA No. 9, Section 19.113 (b) (1) 1): Sone 


a 


4 The cost or other basis of property value to which dtseeiation or 


depletion is applicable shall be decreased annually, in addition to all the 
other deductions, by an amount allowed or allowable due to the exhaustion, 
_ wear and tear, obsoleteness or depletion sustained by said property. a 
It is the condition defined in the general rule that brings about the inequity 
to which the writer refers herein. 
aid Under that rule such deductions result in the taxpayer’ s being in the lower 
brackets when those. deductions a are made, I but when property is disposed of 
and gain or loss is ascertained, the taxpay er is brought into the upper brackets. 
Thus, whether the taxpayer makes a gain or a loss, the government gains m< —_ 
Gn many instances excessiv vely ; more) than it is entitled to gain. —_¥ a 
aa This entire doctrine that cost or the adjusted basis shall be reduced annually 
by the allowable or allowed withdrawals from net income of depreciation or 
_ depletion reserves is based on both a mistaken business theory and a a mistaken 
accounting theory, 
a business standpoint, the cost price or sales price of property is 
entirely different from the e reserves that may b be set up by reason ¢ of depreciation 
hich seeks reflect the true business 


— rith the 
q 

— 
— 
— i= 
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— 
— yes a larger sum than has been withheld trom him or than . 
could show, to that time, as belonging to him, 
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a set forth, that the taxpay er’s books should be set v up a as follows: ea 
_ Every year in which depreciation or depletion i is allowed or allowable, there 
should be set up what might be denominated a “suspended reserves account.” 
Into this account would be entered the ious between the amount io 
taxpayer paid in income taxes and the amount he should have paid, had no 
deductions from net income for these reserves been made. When the property 
- is finally sold, or otherwise disposed of, so that gain or loss i is ascertained, these 
‘om entries adjusted by charges against them for r repairs and seolacements 7 
= (not maintenance or " upkeep, which goes | to operating costs, and additions or 
- betterments s which | go to capital costs), added together w would constitute the an 
sum of money due the government. . 3 The difference between the base of the 
. cost of the property ou or less other proper adjustments (not depreciation 0 or = 


_ This is an entirely different transaction from the setting up of annual re- 
: serves and the fixing of the —— or final interest of the ane 


or mixed 1 up in Ww ay the to the which would be 


forth in in this “suspended reserves account.” 

proces, and ‘ for its completion. n. The Bureau ‘of 
Internal Revenue, U . §. Treasury Department, defines obsolescence a as: 


That impairment of. depreciable property brought about 
(1) By progress of the arts; 
Effluxion of time; and 
(3) Change of use or useful life. : 
Of these factors, Item (3) is vastly the most important. ' The writer knows 
oft no all- swage rule that can be formulated to treat it, either 
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“MOMENT BALANCE: 


A SELF- CHECKING . ANALYSIS” "GP RKEDLY 
JOINTED ‘FRAMES 


Discussion 


JoHun Mason, Esq.”!¢ —There are two points suggested by this mo 


interesting paper, upon which the writer would like to comment: 
wifi (1) Ww hy ‘eens a new concept ‘‘X”’ in addition to the fixed-end moment 


Mr? The fixed-end moment must be found as a guide to the estimate of the 


end moment, and it will be shown that it can be hati -used just as easily j in the 


-moment balance as the new expression. 


(2) Any saving in labor by this on a reasonable ‘initial: 


estimate of the end moments which, it is submitted, is more than offset by the 
“certainty of working methodically to the result by methods that do not depend 


on any such estimate. — 


Using the method of “allocated ‘moments’’ presented by the writer® in 


: 1940, an alternate solution ¢ of the. example given in Table 2 (using the same 

_ sign convention and notation) is given in Table 7. 

_ The essential feature of the method of allocated moments consists in n finding 
3 in angular rotation of the. joint o or, for ¢ convenience, a value called the “ joint 
: moment,” w which is a measure of the —- rotation of the joints, being rel sind 


to it by the e equation: 


rotation = tifiness XE XE 


st 


in ee the “s ‘stiffness of the joint” m equals t the sum 1 of the stiffness of all all mem- 
bers radiating from that joint. = 


-Nore.—This paper by R. J. Cornish, Esq., was published in May, 1942, Proceedings. Discussion & 
_ this paper has appeared in Proceedings, as follows: May, 1942, by Messrs. Dp. D: Matthews, and William 4. 
Larsen; June, 1942, by Messrs. A. A. Eremin, L. E. Grinter, and B. J. Aleck; September, 1942, by Messrs. 
Frederick S. Merritt, and Ralph W. Stewart; October, 1942, by G. W. Stokes, Esq.; and November, 1942 

by Messrs. Bruce Jameyson, R. E. Bowles, and William Morris. Morris. 


Cons. Engr.,London,Englandg 
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joint moment is found by taking the sum of the fixing 
adding algebraically to our value a series of allocated moments, each allocated a 
moment being equal to - —} the adjacent joint: ‘moment distributed in proportion : 
the of the members cat that joint. The : allocated moments are the 


TABLE 7.—Compurations FOR MetHop oF ALLOCATED MOMENTS 


Mem- | Mem- Joint . Joint Mem- Sem Joint 
AD | AB ment | BA | ment CB CF 


ment 


0.0 


pon: 


Mem-| Joint |Mem-|Mem-|Mem-| Mem- | Joint |Mem-|Mem-|Mem-| Joint 
ber | ber | ber | mo- | ber | ber | ber | ber mo- ber | ber | ber | mo- | 
DA | DG | DE |ment| ED | EB | EH EF ment rE FC | FK |ment 


6| ... |... 6; 0. “0.0 
Third 
Fourth 
Fifth | 
Sixth 


Sum 
4 
3 


‘same as the ‘ “carry-over” moments in ‘‘moment- distribution” methods. 
the concise e method. on w hich Table 7 is built, however, the ‘moments totalin 1g 
_+3.7 (allocated to joint B in the first allocation) are first added to the fixed-end 
‘moment, +2.8, and the sum, +6.5, is allocated in bulk to the adjacent joints. | 
— Once the rotation of the joint has been established, the end moments follow 
Mon = Mrcom + 4 E Kon +2EK, vo 
= Joint momento Kyo. Joint me 


=M. Fon) + Ke — — 


7. 
Myo =. Mrwo) + 4E Kyo on Kox 


tmomenty . Kon _. Jointm 


= 


4 
Allocation 
| 
| kK | 38 | | 6 | | 4 | 5&5 | 5&5 | | 
Third, >| | +03 | 406 | +14 “69 | 
| | —9.9 | -104 | +60 | +15 | + —0.9 | —2.4 
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in general, 


ow the sum of the allocated moments is equal to 


The method is therefore self-checking by comparison of 
., Joint momenty 
Kno 
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no a end; in Cols. DG, EH, 1, and 


FK are all z zero. IG, 
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05 | | -2.0] | +54 
+65 | +104] -29 | -23 | -29 | -82 


MASON ON MOMENT BALANCE Discussions 

N 
— 
i 

= 
$2.0 
= 
— Re 

q 
| Mr 0 | 0 


942 “MASON ON MOMENT BALANCE 


Mem-|Mem-|Mem-| __ | Mem-| Mem- Mem- |i Mem- Mem- Mem-| 


7 ber | ber ber | | ber | ber | ber ber ber | ber | 
i DG|DE| | EB | EH FC 


o | o 0 
+1.6 70.7) ) 


| 


| 0 —11.5 —11.5 | +5.2 


0 +4, | -18|- 38] +21 “404 | 
+ +15.3 | —3.5| —1.8 


—1.2] ... 5| +1.8}43.6] — 8.9] -2.4] 
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—11.5 | +5.2 
-~0.9 —1.2 18 3.9 


+4.4 | +2.9 43.7 + 4.4) +15.4 


- Apetying Eq. 24 to the moment balance system, the allocated moment ¥ 


2E Ky NO on ) are first estimated and added sannitied to the ‘fixing 
If, on 


comparison 
H=4E Kno on with — =2EKwno vo bn; the solution is not sufficiently ac- 
e, the process is repeated, using one half of the last-found value of u instead 
> as the allocated moment in the next balance. 
T ov 1e he compution is now as shown in Table 8, the order of balancing being 


joints B, :B,D, FAC C, and E and the initial estimates for 4 being obtained by 


balancing the fixed eine. Thus, +8.4 from joint A balances into 
- AD = + 3. 2 and AD = + 5.2. The initial nen we | underlined | in 
Table 8. Values from the estimates have been used as soon as found. 

soit will be see n that, although the second balance is quite close enough a 

"Practical purposes, the c calculation has been taken to the third = balance as a 
check, It also will be n¢ noted that the values in the moment balance (Table 8) 
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| —11.5 | —11.5 | +5.2 | | +52 
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7 _ for © and & are in all cases the same as the sum of the figures at the correspond-_ 


ing stages in the method of allocated moments (Table 


-——s:- Tt should be pointed out that the example | taken is a very simple one, e, the 
. incidence of the loading being such that the allocated moments in any one © 
- column are always of the same sign and that the joint moment, therefore, is i 
always increasing in absolute value. . This would not necessarily be the case 
all the e bays w were | loaded. 
‘The o outstanding merit of the method suggested by Mr. Cornish is that 
‘it enables a very rapid first / approximation » to be made of the moments at . | 
joint in terms of the members immediately : adjacent. to. that joint. | Iti is of 
great value in the initial stages of a design, and perhaps at a time when the 
me ‘@n wake have yet to be designed, to be able to arrive at this first ap. 
i proximation: Any such approximation can also be checked and corrected, as. 
ne the design of the members At by taking out subsequent balances. — 
m. is submitted, however , that the introduction of the concept | “xX” j 
mnecessary, 
it is admitted that members remote from the joint conden considera- 
on only affect: the moments : at that joint in a secondary degree, clearly : 


ethod which achieves quickness by discarding « certain factors must be limited 
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| EARTH. PRESSURE AND ‘SHEARING RESISTANCE 
OF PLASTIC ¢ CLAY 
SYMPOSIU M 


EREMIN, Assoc. Soc. C. E. 


M. Am. Soc. C. E.*7*—In the computation of the 
‘soil on te anal lining, Professor Terzaghi correctly has stated (see 
heading “I.—Clay Pressure on Temporary and on Permanent Tunnel Support: © 
_ Clay Pressure on the Finished Tubes’’) that “Tt would be idle to attempt to 
_answ er this question on purely theoretical However, any one mak- 
ing an experimental study of the various factors affecting the distribution of _ 


the tunnel pressures cannot attain a reliable result without a rational basic : a 


theory. _ Furthermore, in order that the method of computation may be 
applied to the various cases of tunnels and tunnel loadings, the assumptions 
must have the least possible number o of limiting conditions. Tae 
In Fig. 3(b) Professor Terzaghi as assumes that the width of the soil p prism 
that produces a load on the tunnel lining is equal to the sum of the tunnel 
width and twice the height of the tunnel walls. Generally, the height of the 

tunnel walls varies. - In highway tunnels, the entire tunnel section often is is 
formed by the arched section. Evidently, in tunnels with low walls, Professor 

Terzaghi’ s method of constructing the soil prism will not represent the char ac- 

- teristic ¢ form for the pressures on a tunnel lining. In Eq. 2 Professor Terzaghi 
assumes that the vertical load carried by the soil at the back of tunnel walls: 7 
is equal to 2 q, Hy. It is to be no noted that this is true on only in the case 0} of failure e 
or when the tunnel footings are yielding. Obviously, the footing | pressures - 


shown i in Fig. 9 at the initial step of failure will be much greater than that 


shown by Professor Terzaghi. 
In his paper Professor Housel has developed the “circuit method” for com- 
puting the pressures in the tunnel lining, based on various approximations. 


a _ Nore. —This Symposium was published in June, 1942, Proceedings. Discussion on pe Symposium 
as appeared in Proceedings, as follows: September, 1942, by Messrs. — H. Burke, L. G. Lenhardt, 
¢ Calif. Associate Bridge Engr., Bridge Dept., Div. of Highways, State Dept. a Public Ww orks, Gecramento, — 
Received by the Secretary Nov ember 1¢ 16, 
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Discussion. 4 


He sates (heading “Anais of Earth- Pressure Measurements”) that 
ove 


In 

32 the factor expressing» the horizontal pressure tes lining 
4 as transformed from the vertical pressures in the earth prism is 4S. “In Eq. 
S on the other hand, the shear factor expressing the upward vertic: al pressure 
on the invert arch in the tunnel lining as transformed also from the vertical 


"pressures in the earth prism (or with respect to a change in direction of stresses 


by an angle of 180°) isonly 58. 


" Eq. 34d is dev eveloped for use in checking the pressures on the invert arch 
of the tunnel lining. — Since friction on the sides of the « circular tunnel lining | 


s negligible , Eq. 34b could be considered as an approximate equa ation for the 


computation of the pressures on the inverted arch, whereas E . 34a is more 


suitable for checking the assumed shear factors. 
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7 MERICAN SOCIETY 


ATION OF UNDISTURBED ‘SAMPLING 


TO LABORATORY T ESTING 


Discussion: 
By MEssRs. BENJAMIN K. HouaGu, JR. M. VAN N AUKEN 


BENJAMIN: K. Bem, JR. M. Am. Soc. C. E. 3q__ 
| paper is entitled ‘Relation of to Laboratory Testing 


subject of a of test in soils and foundation 
neering problems. This more comprehensive view of the subject i is justifiable 
_ since soil sampling and testing are obviously only initial steps in solving pr: prac-_ 
~ tical soil problems a and no matter gl Ww ell they may be performed they cannot | 
be e considered a an end in themselves. 7 Furthermore, it can be maintained that 


the degree of precision w hich is y in and testing depends on 


it is possible that in some cases more time and n money have 
‘in obtaining undisturbed samples than can be justified i in view of limitations in 
‘the method of appl ring the test data. For example, expense is often ‘a major— 

a: deciding whether to conduct exploration in test pits or or by | 
‘drilling. | The w riter does not entirely agree with the view that test- -pit samples — 
to from. holes; but even were it would not 


in Iti is the writer's experience that test ‘pits more 
- than about 5 ft deep, and particularly test pits that are extended below ground 
water, ‘are considerably more expensive than even fairly elaborate drilling” 


operations and, for this reason, test pits should not be used unless the results: 


“obtained clearly justify the additional expense, 
In discu ussing ways of determining whether soil samples have been disturbed 


7 Pt if so, to what extent, Professor Rutledge refers to data from consolidation | 
and shearing tests on the best obtainable undisturbed samples and on the same _ 
“material remolded. One of the materials referred to as being practically undis- — 
_turbed is a volcanic clay from Mexico City which was obtained by manual 7 


Nore. paper by P. C. Rutledge, Assoc. M. Am. Boe. C. E., was published in November, 1942, 
ing: 
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sampling i in an open pit. A characteristic of this clay is that i it contains more 
than 90% v ‘oids. It is assumed by the writer that in addition to the care which | 
was exercised in the e sampling operation, some very special precautions: were 
_ taken in | ‘pe sacking a and shipping this rather delicate ‘material to the Harvard 
testing laboratory since considerable disturbance might w well be caused by rough 
handling during transportation. In view of the real grounds for suspecting 
that some injury might have taken place during shipment, the writer feels 


_ that | it might be advisable to omit this reference or to substitute data from 
tests made in the locality which the material was obtained. 
A further comment on the author's treatment of consolidation tests : is that 
he has s possibly created the impression that ifas sample i is s practic: rally ‘undisturbed | 
the compression- test diagram will have a certain more or less standard character | 
such as that illustrated in Fig. % Two features of this idealized diagram, 
- which are not always found in actual practice, are the straight-line ‘‘natural-— 
soil” compression curve and the « complete return to this curve of each eycle of 
reloading. That the “undisturbed- soil’ curve is not always straight is A 
denced by the author's tests on the Mexico City clay, and also by tests recently 
. made by the writer on certain St. Lawrence River clays with an initial void 
dt -Tatio of about 1. 6 instead of the unusual value of 14. 0. ‘ _ Definite curvature i ins 
y all the semi- -log. compression ‘diagrams for ‘these ‘Laurentian clays 5 
“was f found to be characteristic. — It has also been n observer ed by the writer that. 
more often than not, ‘release ¢ of load and subsequent recompression during s 
consolidation test has: the | effect. of offsetting the compression diagram some- 
as Ww hat to the left so that the successive cycles fail to form an extension of the 
‘original or undisturbed-soil curve. It is not the writer’s belief that these dis- 
-crepancies between actual test cu curves a and the | idealized diagram i in Fig. 2 are 
a evidences” of undue disturbance of the test spe specimens ns during sa sampling opers-_ 
tions. +The writer agrees, how ever, that sample disturbance does obscure the 


preconsolidation point a1 and that great care in sampling | must be exercised when 


a a determination of this point is a matter of importance. TT ene ae 


In connection with the Terzaghi theory to which the author refers, that the 


amount of compression produced by application of a given load may | be in- § 
fluenced by ' the: rate at w which the load i is s applied, the writer presents so some dats _ 


At one ‘Point w here subsurface eee were “made by the w riter, the 
‘ clay deposit is ‘approximately 60 ft deep. The 6 upper 10 ft or 15 ft of this 
deposit is altered somewhat by oxidation nih has dried out to some extent. 
In the remaining depth, however, the material is remarkably uniform in appear 
ance and even lacks the usual stratification and traces of bedding planes whiet hich 
mark many clay deposits. In this uniform section of the deposit, water 
_ content determinations were made on samples taken at fairly frequent interva‘. 
and it was found that the water content (and hence the void Tatio) of the 
material remained substantially ¢ constant with depth. s In fact, in one locaticz 
there was a slight trend tow ard higher water r contents n near the bottom of the 
deposit than at the top. W ater contents in all cases, incidentally, even 
— Ott depths, were found to be well above the liquid limit, a fact which is 2 


contrast with the ‘usual assumption that clays are laid down initially at the 
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liquid limit _ This clay is classified as a post glacial, marine deposit which 
has never been subjected to any loading other than its own weight and its age 
& is sufficient to warrant the assumption that the clay is fully consolidated under 
| ! its own weight. | It would therefore appear reasonable to to expect that samples 
&§ taken from the bottom of the deposit would be in a more dense condition than 
i those at the top instead of having practically uniform density as indicated | by 
the data from water content determinations. _ This apparent discrepancy may 
be explained by the theory that rate of f loading i is a very important consideration — 
. and that the “ ‘sedimentation curve” may be nearly flat instead of an so 
7 of the relatively steep compression curve obtained from laboratory tests. It 
also has bearing on certain aspects of the shearing strength of clays, a subject 
which the e author discusses in connection with the effects of sample disturbance. 
F rom the aforementioned evidence it it t appears to be a physical possibility for 
a clay deposit of considerable depth to exist without variation in void ratio 
4 from m top t to bottom. _ Despite this fact, it seems undeniable 1 that ‘intergranular — 
stresses must increase steadily with depth in such a deposit, , provided it is 
fully consolidated. Under these circumstances, it might well be expected that 
- the shearing strength of the clay \ would gradually i increase with depth i in pro- 
portion to the increase of intergranular pressure; y ‘yet in the case of the St. 
Lawrence clay the evidence | from drilling records, from visual inspection: of the 
‘material i in place i in open n test pits, and from an extensive : series of direct, ‘un oe 
confined, -and— triaxial shear tests is that there is no appreciable change in 
4 shearing strength with depth. | This finding, if valid, ,is a a direct contradiction : 
to the widely accepted Coulomb relation for the shearing strength of soils and 4 
establishes grounds for a major revision in many current soil theories. > Space * 
does not permit extensive treatment of this subject, but it is | interesting to 
consider the. possibility that at least in clay deposits of similar. origin, , shearing 
strength i is to some extent a function of v void ratio and hence water content, 
rather than being entirely due to intergranular pressure. ure. Laboratory experi- 
mentation on this subject would be a ‘difficult matter for, although nature can 
; apparently produce deposits with uniform void ratio yet increasing inter- 
--Sranular pressure, e, any ‘change of pressure in laboratory samples results in a 
change of void ratio. shearing strength is suspected of varying with 
void ratio or pressure, it it is difficult to determine the basic relationship in a 


in which both these factors VaTy, 


- turn briefly to the author’s suggested methods of applyi ing test data, the 

writer ¢ agrees that purely theoretical methods are re unsatisfactory and also that 
adherence to’ purely « empirical methods is not always wise; but, of the two o,the | 

writer i is inclined to favor the latter. — The method designated by the author ras 


theoretical might. perhaps be termed the rational method. hatever 
“name is. used, however, for analytical methods which combine 
judgment, and | engineering ability, the writer feels that emphasis should ‘be 


_ given to the need for careful substantiation of each new evelopment before it _ 
expounded. On the whole, the writer agrees that recent studies in 


= have given better —— into the behavior of soils than bundteds 
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In closing, the writer suggests that the author's selection of the & erzaghi 
approximate r Telationships as an example of preferred ‘“semi- theoretical” 
‘method of applying test data is unfortunate. Iti is the writer’s ‘ining 
that | these approximations were developed for idealized soil types | seldom if 7 

ever encountered in actual practice. | Furthermore, the writer has found that 
the Terzaghi approximate relationships are not in agreement. with the observed 


behavior of large- scale field tests, ey tests to determine the effect of 7 


F. M. Van” AUKEN,! Esq. ‘¢_An excellent treatment of the relation of un 


disturbed sampling to laboratory testing has been presented in this paper. 7 
The methods that can be used as “ilot” tests to determine whether or how | 


¢ a is disturbed are are particularly enlightening. 


ts It is fortunate for the soils engineer that only two major test divisions re- 
quire the use of undisturbed soil specimens. Once the consolidation and 
strength characteristics of a soil are known completely, all other tests become 7 
“mere pawns of the former. However, since the scope of the present paper is 
‘limited entirely to plastic soils—soils that under stress generally disclose great 7 
_ volume changes—its scope is somewhat narrow and | cannot hope to cover, | 
even by indication, the entire field of undisturbed sampling and testing. Un 
fortunately this is not the case. _ The choice of highly compressible clays as 
the subject for discussion, although they do furnish unusually fine examples 
fora . study of this type, may indicate that it is relatively easy to determine the 
state of disturbance th that invariably accompanies all attempts to sample soils. 
Probably no- one | consideration is of more importance than a complete 
reconstruction of the geologic history of the si soil before it is sampled : and tested. 
in fact, a straightforw ard dependence on the so-called “preconsolidation” load, 
as determined by the consolidation test without a thorough knowledge of past 
-_ geologic history, is probably as bad as not knowing whether a given material 
Certain clays, such as the voleanie clays from | ‘the bed of. Lake T Texcoen 
_Mesion, D. F., for which the geologic history is well known and which are 
ae to abnormally high void ratios, make perfect examples of the deter- 


mination of the preconsolidated load because of the “classic, almost photo 


graphic enlargement,”’ of the consolidation test features. 
= Other clays like the glacial clays from the Great Lakes r region, in which the 
ee history is more obscure, are difficult to rate with respect to determins- 
tion of the preconsolidation load and condition of soil. _ Recently reworked 


alluvial, “plastic clays also” present problems identifying sa sample | disturbance. 
4 Chf. a Soils Laboratory, U.S. Engr. Office, Denison, Tex, =} 
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Other soils that present even more difficulty in the determination of condition 
are marly and shaley clays. Although they are somewhat brittle in their 
initial state of consolidation, these materials become truly plastic when the 

- structure i is broken down and the material remolded. Soils of this type are 


¢ “usually laid down as sedimentary deposits and consolidation effected by the 
if weight of material that the forces ¢ of nature have long since removed. — It may 
t be probable that periods of 1 recompression have occurred, caused by - deposition 
d of additional material, with re-expansion upon its removal, so that the number 
of of compression and expansion cycles to which the material has been subjected - a 
is problematic. — One may never know whether a soil is now in a period of 
compression or expansion. Even with an accurate knowledge of that fact 
a the determination of the preconsolidation load by means of the shape of the 7 
pressure, void- ratio curve is practically impossible. Additional 
arise when. primary expansion ‘occurs. 
Although the effect of disturbance is pronounced on the determination of : 


the consolidation characteristics ofa soil, it is not a factor. that will vitally 
affect a consolidation study which (because of the number of theoretical — 
assumptions, drainage, and boundary conditions, etc.) i is in itself only a fair 
estimate of expected settlement. - On the other hand, the effect of —— | 
on the strength of soils is profound. — 7 Soils under | vertical stress undergo a 


‘gradual rearrangement of internal structure as the stress is slow ly increased be 
resulting i in consolidation or | in volume. Assuming a a some- 


at a soil mass, the investigator will note that, as the vertical stress is increased : 
er, although consolidation i is occurring, a gradual approach to a state of shear is : 
apparent. Hence, a semiconfined stressed soil is. only in a transitory stage” 
all which, as pressure is increased, rapidly progresses into fully developed shear, 3 
ands when no further strain can be taken wae: ruptures ‘suddenly or undergoes Ff 
metamorphosis and fails in ‘plastic flow. Disturbance in sampling merely 
ils. places a soil well along i in ‘that v vague but nevertheless always, present stage ; 
= * which the application of even a minor stress could produce failure. 7 — 
ad. 
7 _ The writer concurs w ith Professor Rutledge in p in passing over the direct shear 
- : — test rapidly, not because the effect of disturbance cannot be ascertained, but 
a : _ because the test in itself furnishes data that are difficult to apply. Although 
i gi the slope and shape of the stress- strain eur ve may furnish data from which — 
to possible disturbance of a soil sp specimen may be detected, ‘it is quite probable 
that ‘this i is true only for sensibly plastic materials. Unfortunately th the ordi- 
; % - nary range of soils runs the gamut of plastic to brittle materials; hence, it may a 
be that internal grain structure, pseudo structures set up by fusion or cyclic 


as much to on ith the determination of the apparent : shape of the stress- tenia 
curve as possible disturbance. The ‘simple compression test is probably a 


test than the direct shear test, but since be the application of « of a primary 
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vertical stress sets up secondary stresses over. which the has no 
control it it appears that the triaxial test would have more significance. Dalida 
Professor Rutledge has condemned the triaxial test for the simple reason 
: that some specimens tend to consolidate during the test, and since disturb: ance 7 . 
a accentuates consolidation, as shown by consolidation test research, unmeasur- - 
= able errors may be introduced. ys The writer takes. exception to this theory on * 


basis the to tl the shear problem necessitates volume 


increase the m major principal stress until failure ‘occurs . In this 1 manner the | 
investigator has attempted to simulate what may happen i in nature. eo 
- _ Professor Rutledge has shown a plot of ‘stress-strain curves for the. so-called 
F quick and slow triaxial compression tests, but it is pointed out that no — a 
_ of disturbance can be ascertained from a singular: comparison of these tests. .; 
< In addition, the final strength obtained from. the slow test i is a function o of time; 


This fact has been by slow triaxial tests 
in the writer’ 8 laboratory in conjunction with the design of a dam where some 
tests were continued nearly 12 months before - failures we ere obtained. rn Tests 
- rk on remolded specimens, as in the case of the simple compression tests, disclosed 
far lower ultimate. strengths end flatter stress-strain slopes. 
a it is assumed that a perfectly undisturbed sample retains more elasticity 
‘than a disturbed specimen (that is, the structure set up by: nature has not been 
sensibly altered), one can determine with a certain degree of success the effect 
of disturbance by cyclic loading, provided the strain has not exceeded 25% to | 
50% of the ultimate. ( Other triaxial compression~ test series, performed i in the: 
Ww writer’s laboratory, have shown that.the apparent preconsolidation, load can 
be determined approximately by the proper combination of quick and slow | 
tests, provided the samples: w ere truly undisturbed. 


i review of the various proposed methods of determining how much dis- 


re turbance affects soil test results shows that all methods are still problematic in 


aspect. That disturbance does affect both consolidation and oe 
is a fact. that cannot be overlooked. -Howeve er, during any complete “soil 
investigation, the scope | of the problem i is often such that only pilot tests to 7 
= 
determine how much disturbance is being cz caused by t the adopted sampling — 
methods can be performed. ~ On the basis of those tests one must either discard = 
or improve the or the limitations of the 
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generally ‘used, but. one redeeming feature ‘that has cov ‘many errors is 
the fact that. ‘sample disturbance generally lowers the e obtained values. poms? 


of a timely subject. In n closing, the w1 writer wishes to em- 
phasize two facts often overlooked and having a decided effect on the accuracy a 
of soil-test data. — Those facts are “too long”’ ‘a time lapse between sampling — 
and testing, and “too little’ ’ emphasis on the choice of sampling and testing Sore 
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. NIEDERHOFF, _ Assoc. A. 


can perry to ‘the paper by and 
Hartigan is to call attention to corroborative evidence found on the West 
te _- i This s evidence - concerns two high lift locks with lifts of 66 ft and 45 ft, = 


ue The authors | have rev ealed t the fact that, where geometric similarity does 
7 at exist between model and prototy; pe, e, correlation of test results is difficult. 
Of this there « can be no doubt but, since total similarity, geometric and dynamic, 
can never be obtained when the same liquid i is used in both ‘model and ai 
type, one should not be too disturbed at failure to obtain exact quantitative e 
results. After all, a model of any kind i is not the answer to all questions on a Bi 
ar subject. At the risk of seeming irreverent, the writer calls attention to to the 
4 model husband who has been defined as “‘a small imitation of the real thing.” 
Hydraulic m models: fall i in the same category, and engineers do well to observe 


trends and characteristics in a model that are duplicated in the prototype. be 


Actual measurements of time, velocity, forces, or discharges are done best on a 
-size lock for possible design use on a similar structure. 


wane after of the locks herein (66-ft lift). . The 

7 same water disturbance i in the model chamber will be observed in the proto- 

on type (see Fig. 62(b)) especially ‘at the far end, near the lower miter gates. 

; ity Also, when emptying the | model chamber, the fountain effect below the lower _ 
Initer gates is duplicated every time the 66-ft lock i is emptied. interesting 
3 to note that, in spite of lack of exact similarity, the coefficient of filling for 

Nors. .—This was published j in October, 1942, , Proceedings. — 


- 16 Senior Structural Engr., U. 8. Engr. Dept. 
Received the October 22, 1943. 
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fii the model and prototyp pe . agreed within 1%. 44 An ax average coefficient of filling oan 
0.83, and, for emptying, this coefficient dropped to 0.72. 
ty 
stresses.in model lock chambers have been measured as a 


for proper functioning for several years. a However, to the writer’s knowledge, 
i one attempt to measure hawser stresses has been made on a high lift 


lock. In 1940 a gov ernment derrick boat was moored by four lines to floating | g 
mooring bits i in the lock. were in a these 


he 


Model (Head, 47.6 Prototype (H 


ead, 49.0 Ft) 


Te eadings were taken sim multeneously « at each 5 ft of lift. W hen plotted as a 
curve, the results show ed that the m ‘maximum pull occurred when the valves 
were fully open and when 1 discharge | into the lock was 
curves showed the same family characteristics as those obtained in a model - 
_ even if the actual magnitude of the pull on the lines was considerably greater _ 
‘The distribution. of water from ports in a lock chamber has been ably 
‘deseribed by Messrs. Nelson Hartigan, and ‘it is only in deference 
Southern California that the writer wishes to » point to the full- ‘scale results of | 
- the “manifold problem” investigated at the second high lock mentioned herein 


| (45-ft lift). Southern California was a factor in this test because the grape- 


fruit it used as floaters came from Coachella Va Valley. ‘These j juicy ellow spheres 
were placed just upstream from the filling valves ves, and timed and counted a SS. 
emerged: from the ‘several chamber ports. In this particular case, most 


— 
— 


Model tests have shown the necessi 


ty for air in a culvert 
system if the lock is to be filled efficiently. conditions at the 45-f lock at 
4 the time of conversion from a tandem lock de a single lift of 45 ft were such tha 


t 
only one large vent hole per culvert could reasonably be drilled. This oo 
was 20 in. in diameter. — When completed, it worked beautifully, sending a 


. geyser of air and water 60 ft into the air above the top of 1 the lock-wall and + 


adding another spectacle to she scenic beauty of the Tegion. 


diaphragm over the end of the: vent pipe, the w rater no longer shot out 


of the vent pipe but entrapped air - exploded into the lock chamber. Cutting — 
the effective vent hole to a diameter of only 4 mage 


page 1268, 


"explosions more violent and more prolonged. 
a In October, 1942, Proceedings, 


“Colonel 
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"PERMEABILITY OF MUD MOUNTAIN DAM 
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‘ 
— in a soil, rather than total voids veliiae: may be a diagnostic criterion of soil 
behavior has been excellently and strikingly demonstrated by the authors. 


: The results of a number of permeability tests on several soil types are e shown ny 
in Mg. 7, to results to show n in 5 and 6. 


these masses ‘resulta we The wetting 


causes considerable sw elling. The same soils, compacted at moistures higher 


than optimum, show little or no swelling and softening after r subsequent wetting. 
4 This has led to the control of moisture for such purposes a: as m minimizing swelling : 


of a highwa ay subgrade under a concrete slab.’ These effects of compacting 
* moisture on swelling and ‘softening, as actually observed, could be predicted, 
a qualitatively at least, by test results such as those shown in Figs. 8 and 9. ®, 
=. Fig. 8 shows, as points I, iH, III, ete., the moistures ¢ and densities of a soil © 
as compacted, and, as 2. 8, the corresponding ‘moistures and 
te densities after wetting Subsequent: to compaction. shows, as ordi- 


| nates, the coefficients. of internal friction of a soil that | was submerged and = 


| 


saturated after being compacted at the moistures shown as abscissas; and 


Fig. 9(6) shows corresponding data for cohesion. These data, together with 
by the authors, indicate the disadv: of which 


| 


weakening the | entire mass. This was graphically 
with subgrades of A-5-7 -type soils,* where time requirements and availability 


-__ _Norg,—This paper by Allen 8. Cary, Assoc. M. Am. Soc. C. E., and Boyd H. Walter, and Howard T. 
Harstad, Juniors, Am. Soc. C. E., was published in September, 1942 , Proceedings. — ie ieee oe 


Senior Materials Engr., TVA, Knoxville, Tenn. 
Received by the Secretary October 16, 1942. 
? Engineering News-Record, March 18, 1937, pp. 405-409. 
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Experience with fine soils compacted to form very hard, resistant masses, 

| 

‘ 
‘ 
a 


‘a 


1844 =) # oN MUD MOUNTAIN DAM ~ 


‘ust the “mechanically stabilised base ‘and the 
asphaltic | seal courses. After 2 to 4 months of predominately rainy weather, 
a subgrade failures occurred at several places. At the points | of failure, the ; 


subgrade had become » wet and highly plastic. After checking for the effects - 


a 


** 

fac 


> i 


— 


ide 
of coarse and in the clay, the following = 


(1) Smooth, hard subgrades compacted at moistures lower than ili 


od a vere softened during wet w eather to a Plastic clay incapable of supporting the | 
= required wheel loads. This was true in spite of measures taken to | promote 


diately covered by 1 the slab would 1 not soften 
)) Compacted clay subgrade could not be successfully plowed, moistened, 


— 


— 
— 

— 

— 

— 
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| 
| 

— 
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December, 194 KELLOGG ON MOUNTAIN 
and ‘recompacted prior paving, as xs time for uniform | distribu- 
tion of moisture was available. - Such a a procedure merely served to wet the | 
surface of the clay lumps, without affecting | the compacted mass as a Ww hole. 
, ae the construction of certain impounding dikes, the relationships demon- 
strated by the authors have been adv where only one type of 


material was available. 


LOCATION % SAND %SILT % CLAY 
Elizabethton, Tenn.  Quartzite Residuum 21.5 7.0 


we 


Moisture 


+ 


OF 


moistures were a of permeability. Down nstream, Jower 
nen moistures gave a more pervious fill, eae the effectiveness of 


under wheel loads. 


In the writer's any that can be compacted. at given 
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wet as to cause cracking 
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Se Fr (Som A- -58 Loam, TENNESSEE RIVER Fioop PLAIN, , TENN. 
words, materials suf- 
ficient clay to form lumps_ at. 
low moistures, and to lubricate 


fy 


on 


» 


fficient of Internal Fricti 


should fall into this class. Since 
montmorillonite is particularly 


> 


. appreciable quantities of that 

mineral would require lower 
° percentage of fines: to bring 


them into this class than would © 


9. —Erruct OF CoMPactING Mor 


nN 
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After Solution 
| 


‘4 


Son. (Som A-5-7 Is 


: Cray Loam, wirs Dotomrre Resrpvum, 


oF oN Cuanozs Due To SUBSEQUENT WETTING ‘Loap 


coarse grains at high moistures, 


sensitiv e to phy sicochemical 
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piscussions 


ave STATISTICAL ANALYSIS IN HYDROLOGY 


By R. H. BLYTHE, SR. 


¥ R. H. to meet 

‘conditions that are the bases of the several theories 

of flood-frequency curves makes mathematical refinement i in the fitting of suc ho 

curves a meaningless labor. _ Furthermore, flood- frequency curves find their 

most justifiable use in the sebations of economic problems, such as the estimation | 


ee average annual il damage, rather than in the forecasting of the maximum flood  _ 


for design purposes. — For these economic problems, the lower and better- 


‘ defined parts of the ¢ curves are usually at least as important as the extremities, 
_ which show the frequency of the larger floods. E xtrapolation of the upper 

end of such a curve is certainly an unjustifiable ‘procedure i in view of the dis- 
crepa een conditions and ns underlying the 


Since these things are 80, a curve fitted | frechand to plotted points: w vould 


+_ 


seem to be the logical method of expressing the flood- frequency ‘information 


‘gabe in the usual record of flood taal but at this point the question mn of 


the plotting ‘position of the points arises. _ Currently, there seem to be two 
d major “opinions on this subject, and a a ‘of minor ones, including the 


put the problem simply and concretely, « consider a series of twenty 


oceurrences. Tt: makes no difference Ww vhether they are maximum annual floods, 
“the twenty largest: floods of record, , or some other. similar series. These 
occurrences are assumed to represent a small sample ¢ of an indefinitely large 
‘population. The mean of this sample can be considered an estimate of the 
mean of the population of events s specified in the | same way as the a 

Also, assume that the may ximum observed event in the sample affords some 
. kad Note.—This paper by L. R. Beard, Jun. Am. Soc. C. E., was published in September, 1942, Pressing. 
Ss _ Discussion on this paper has appeared in Proceedings, as follows: October, 1942, by Messrs. L. Standish — 


information about ‘the largest 6 57% of the population. In this sample a value 
Hall, and H. Alden Foster; and Nov ember, 1942, by Messrs. “— we Hodges, and Joe W. Johnson. a 


1942. 


tte Received the Secretary Nov ember 
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 BLYT ON STATIST ICAL ‘ANALYSIS. Discussions 


equal to this maximum has occurred with a frequency of 5%. Therefore, the 


supporters of the | “California method "28 (a very simple and 


to be called “method’ ’) contend that the maximum be plotted as. 
having a frequency of 5%; but Mr. Foster and his followers'® point out that 


_ there is no reasonable ba basis for assuming that this one particular maximum 

event in a sample of twenty represents the exact 5% : frequency point. it. They 

contend, rather, that it represents the entire class of events occurring with | a 


frequency | of 5% § and less. They state that, since it represents the interval © 
5% to 0, a Teasonable for plotting is the midpoint of 


ina series of twenty is the median value of the twenty values that would com-_ 


- _ pose the upper 5% of a sample of of 400, or the median value of the upper 5% a 
infinite population it is taken to represent. 


There seems to be still more logic i in assuming that the maximum observed 4 
Occurrence in one sample ¢ of twenty is the mode of the distribution of extreme 


a values in a number of samples of twenty observations. This follows from the — 


en fact that the mode, by d definition, occurs most frequently, and therefore any 

“single value chosen from a non-normal distribution is more likely to be the _ 
mode than the average or the median. In any normal distribution the three 


coincide, but the ‘distribution of the extreme values of samples drawn from ma 


one Studies | of the distribution of the extreme values of samples « of n sheesee 


tions taken from an infinite normal population have been 1 made by L. H. Lae 


_ Tippett,?* w ho gives tables of the distribution of the extreme values of samples = 


‘several sizes f from n = 3 to n=1 000. ‘The of the variate are given 
in terms of the standard ¢ deviation of the original population; also given are 
tables showing the m mean, an, standard ‘deviation, and and (coefficients | of 
skewness and k kurtosis) of the distributions | for n = 2 ton =1 ,000. 


‘these tables it “- 1s possible to compute the value of the mode by the formula: — 


which = the mean, and 


computed are shown in Table It noted that 


=a 
nee 


Tet 

sample, then the probability corresponding ‘this modal is. the 

likely estimate of the probability (or frequency) of the extreme observation of 
a 


the single ‘sample. The: probabilities | ‘corresponding to the modal values for a 
samples o of different sizes are given in Col. 3, Table 5. _ They were found by : 
looking up the modal values in tables of the normal distribution. 
Fo 28 ‘Floods in the United States,’’ Water Supply Paper No. 771, U.S. Geological Survey, 1936. ae 


16 Jbid. (Chapter on Methods for Estimating Floods, by H. Alden Foster). 


 %9“On the Extreme Individuals and the Range of Samples eel from a Normal Population,” by 
L. H.C. Biometrika, Vol. ‘Pts. IIT and IV, p. 364. 
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tion is that the one maximum occurrence observable 
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esa ie By t this hypothesis, the tabulate probabilities are the plotting positions of 
the extreme value of a sample. Also listed i d in| Table 5 (Col. 4) are the plotting 
hypothesis. It will be noted that the TABLE 5. —Mobpz, Propastury, 
; differences are not large. would Position OF EXTREME 
seem logical for practical purposes to 
adopt his method as giving a reason~ 
and simple approximation of 

best estimate. Because of the failure Meat 


ze of extreme Probability | 
actual flood occurrences to form (n) values 


a normal, distribution, and because 
of other discrepancies betwe een thee 2 0.50851 308 
ory and practice th the labor involved 
in calculating the mode e and its = 
ability is unjustifiable. — 
Table 5 could be u used, 0.0008 


Unfortunately, he problem of where to plot the next highest and succeeding 


a floods remains to be solved. This is principally a matter of theoretical interest 


and i is ond the mathematical abilities a nd patience of the writer. 


00010 — 
0.0008 — 


erally to the accuracy of records. Whereas some streams have fairly per- 


A 


AMERICAN: SOCIETY OF CIVIL: 
DISCUSSIONS 


Discussion 


| Hoyt, AM. 


- Ace a fair recognition of the fundamental principles of the subject. _ The 

principles then recognized have stood the tests of later studies of the subject, a 
= they have been the basis for the further ne of the science of 
Mr. Jarvis’ paper brings together the of of the. work on 
‘ed Mississippi River i ina form that makes them readily available for further ll 

we i and study. _ The comparison of records of river discharge taken at i 


- collection; (2) the came and facilities available for collecting the records; a 
i * (3) the permanency of conditions along the streams which regulate the flow. 
gh t the methods yer measurement are fundamentally the e same, the 7 
aj 
anda and facilities for making the measurements have been greatly — 4 
modified and improved so that the accuracy in recent work has been greatly 


- increased; for example, improvement in sounding equipment has added ma 


ma manent channels Ww hich | ‘govern their regimen, many of the larger ones change 
= and shift their channels to such an extent that measurements of discharge or ve 


ys stage: made at. one time are not comparable with others made at other times. 


’ ee comparing : records of different dates collected along the Mississippi River, 


= a the effect of the changes in | conditions w hich affect the flow must be kept in 


mind, and there bare always be an element of uncertainty which requires cau- 
tion in their ‘use. ll, these comparisons may give a of the 


Received the November 4, 1942. 


2 “*Report on the Physics and Hydraulics of the River,’ A. Humphreys Henry 


AM. Se 
of river r flow by Abbot and others on the Mississippi River 


_ different times depends « on three main factors: (1) The methods used in their ¢ 
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paper by C. 8. Jarvis, M, Am. Soc. C. E., was published in March, 1042, Proce 
a a ear. Discussion has appeared in Proceedings, as follows: September, 1942, by Messrs. Robert Follansbe: ig 
W, Davenport: and November, 1943, by Charles Senour, M.Am.8oc.C.E. 
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